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Summary
A theoretical method is presented here for determining the optimum
camber shape and twist distribution for the minimum induced drag in the
wing-alone case without prescribing the span loading shape. The same
method was applied to find the corresponding minimum induced drag
configuration with the upper-surface-blowing jet. Lan's Quasi-Vortex-
Lattice Method and his wing-jet interaction theory has been used.
Comparison of the predicted results with another theoretical method
shows good agreement for configurations without the blowing jet. More
applicable experimental data with blowing jets are needed to establish
the accuracy of the theory.
1. LIST OF SYMBOLS
[ A 1 matrix jNl_,| after transformation
a Fourier series coefficient
a, . the element of the transformation matrix [A]
AR aspect ratio
. o
matrix |NWT after transformation
b span
b, the element of the transformation matrix [B ]
c chord length
c reference chord length
c average chord length
3
c, . sectional induced drag coefficientd,i
c. sectional lift coefficient
c sectional pitching moment coefficient
m




C total pitching moment coefficient
m






d local induced drag
e unit vector tangent to jet path
E, step direction vector defined by Eq. (42)
f.,f_,f_ the length of each section in the spanwise direction
g a scalar defined by Eq. (26. a)




M. ,M2,M_ the numbers of spanwise strips plus one in each section
n unit vector normal to jet surface
n,s jet axis system
normal velocity influence-coefficient matrix
N.,N_ numbers of vortices in each section along the chordwise direction
N = N, +' N.
c I i
N total number of jet vortices in the outer flow
N total number of wing vortices over the semi-span
q dynamic pressure




V unperturbed velocity vector
v perturbed velocity vector
v. jet-entrained-f low velocity vector
Xjy,z wing-fixed rectangular coordinates with positive X-axis along
axis of symmetry pointing downstream, positive Y-axis pointing
to right, and positive Z-axis pointing upward
z coordinate of camber surface
c - • • • .
a angle of attack
a local angle of attack
Y nondimensional vortex density
3z
5 . jet-deflection angle
Aa step length defined by Eq.(41)
6 angular coordinate (see Eq.(22))
A sweep angle
\ taper ratio




<J> angular coordinate (see Eq.(29))
$ nondimensional perturbation velocity potential
Subscripts
a additional
c control point (see Eq.(l))
j jet flow
jj jet flow perturbation due to jet vortices
JJ jet control points being influenced by jet vortices
JW jet control points being influenced by wing vortices
o outer flow
oj external flow perturbation due to jet vortices
w wing
v vortex point (see Eq.(3))
wa additional wing vortices
wj perturbation due to wing in jet flow
wo perturbation due to wing in outer flow
w0 wing alone vortices
w free stream
2. INTRODUCTION .
It is well known that the induced drag of the conventional wing is
minimized if the span loading is elliptical. In the early of this
century, Munk (Ref. 1) developed a theory for minimizing the induced
drag of arbitrary lifting configurations. According to the Munk theory,
all loadings are assumed light so that the velocity perturbations are
small and the wake in the Trefftz plane may be assumed undistorted.
Later, Mangier (Ref. 2) studied the relationship of the circulation
distribution over the wing and of the lift to the height of end plate.
In his theory, an infinitely thin flat plate was assumed. The theore-
tical elliptical loading was obtained when the end plate has zero
height. For the same problem, Cone (Ref. 3) experimentally determined
the optimum spatial distribution of vorticity, corresponding to the
minimum induced drag for a specified lift and a given configuration.
He used the analogy of a velocity potential and an electrical potential
in a medium of uniform conductivity. Lundry (Ref. 4) developed a pro-
cedure for accurate computation of the minimum induced drag of nonplanar
wings with pylon-like panels. This method was restricted to a two-
dimensional Trefftz plane so that the Schwartz-Christoffel transformation
can be used. Stevens (Ref. 5) investigated the suitability of planar
lifting surface theory to high lift wing design. In his theory the
optimal camber surface of the wing is obtained by constraining the span-
wise lift distribution to be elliptic. Loth (Ref. 6) determined the
optimal span loading on bent lifting lines in the Trefftz plane. Lamar
(Ref. 7) used the Vortex-Lattice -Method to determine the optimal span
loading for minimum drag for interacting surfaces, and to solve the mean
camber surface of the wing which will provide the required loading.
In the above references, it was seen that different methods were
used to find the minimum induced drag configuration for the conventional
wings. They include the lifting line theory, the vortex lattice method,
the Kernel function method (Ref. 8), etc; However, one common feature
of these methods is that the span loading shape must be prescribed in
advance. For the present investigation of configurations with jet
interaction, this is not possible.
The main purposes of this investigation are therefore as follows:
(1) to develop a new method to determine the optimum camber surface
and twist distribution for the minimum induced drag in the wing-alone
case without prescribing the span loading shape; (2) and to use the
same method to find the corresponding minimum induced drag configuration
with the upper-surface-blowing jet. In both cases, the optimum
configurations are computed under constraints of specified lift and
pitching moment. Lan's method (Ref. 9) and his formulation for the
upper-surface-blowing problem will be used in the investigation.
3. THEORETICAL DEVELOPMENT
In the present analysis, the thin wing in the linear inviscid subsonic
compressible flow will be assumed. Therefore, the assumption of small
angle of attack, flap deflection, thickness ratio, and camber is applica-
ble. The expressions of induced drag, lift and pitching moment coefficients
can therefore be simplified. The near-field method is used here to pre-
dict the aerodynamic characteristics of wings under jet-off and jet-on
conditions. In section 3.1 the boundary conditions in wing-alone and
jet-on cases will be described. In section 3.2 the simplified formula
of the sectional aerodynamic coefficients will be derived. In section 3.3
the overall aerodynamic characteristics are determined by spanwise inte-
gration of the sectional characteristics. In section 3.4 a method is pre-
sented to find the optimum wing-alone and jet-on vortex strengths. In
section 3.5 the camber ordinates and local angle of attack are determined
by integrating the camber slope in the chordwise direction. The detailed
procedures of iteration are summarized in section 3.6.
3.1 Boundary Conditions arid Interpolation Matrix
In the wing-jet interaction theory described in Refs. 10 and 11, the
solution is obtained by solving the wing-alone case first and then the
additional effect due to jet interaction. TO set up all the *n~
fluence coefficient matrices, the Quasi-Vortex-Lattice method (Ref. 9) is
used in the computation. In the wing-alone case, there is only one boun-
dary condition - wing flow tangency condition, to be satisfied. It can
be written as :
[Nww]
whereHM,are the camber slopes at the control points. Since
the camber slopes at the vortex points are needed in the computation of
the induced drag coefficient, it is necessary;to interpolate the values
at the control points. The trigonometric interpolation formula derived










where the indices k and i represent the corresponding vortex and control
points respectively. In matrix fornij Eq. (2) becomes :
3z 3z
- a - « (3)








In the jet-on case, there are*three boundary conditions to be.satis-
fied:
1) Pressure continuity on the jet surface
LI'H, 1 wa
(6)




3)Flow tangency on the wing surface
Equations (6), (7) and (8) have been combined into an augmented matrix
equation to determine Y . , Y .and y . Once Y is obtained, the
J J j WS Wcl
total wing vortex strength is then,
Y = Y + Y (9)
'w 'w0 'wa ^ '




3.2 Sectional Aerodynamic Coefficients
From the geometry of the mean camber line (Fig. 1), the relation of
the local camber slope, twist, lift and induced drag have the following
relations with the wing vortex strength. Since,
3z
tan 6(x,y) - 6(x,y) (10)
the local lift and induced drag components due to the vortex strength are
seen to be
cos( a - S(x,y)) (11)
d±(x) sin( a ~ (12)
where y (x) is the vortex strength and is proportional to the pressure
loading acting normal to the camber surface.
<S(x,y)
x/c
Figure 1. Decomposition of Pressure Loading on the
Camber Surface
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The effect of the leading-edge suction on the lift and pitching moment
is assumed small enough to be ignored. It is assumed that the wing
camber will be designed in such a way that the leading-edge suction is
zero.
To find the sectional characteristics, it is assumed that the wing
vortices are situated along the camber surface. Since the resulting
pressure force is normal to the camber surface, the sectional character-
istics can be determined by integrating Eqs. (11) and (12) across the
local chord. Thus,
Cd - — — \ P V ( V 4) d. (x)dx
-
1 qoC Jo ° ° ' ° ±
Yw(x)sin(a-5(x,y))dx
oJ
= —7- (\ l + \ ) Yw(x)sin(a-6(x,y))dx (13)
where cosa - 1 • The integration in Eq. (13) will first be transformed to
an angular coordinate 0 ( 0<8<TT ) and then reduced to a finite sum by
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YTT cos(a-6(x,y))sin9, ) (15)
and,
1 f1
-V p V (^ 4)£(x)xdx
qQCC Jo
~cT~ M + 1 ^ Yw(x)cos(a-6(x,y))xdx
Jo J Xj^
2 x^ 1
T- < ~2N~ ) Yw cos(a-6(x,y))xk sinefc
cc 1 4—, kk=l
(l-x^TT N2
^~ YTT cos(a-6(x,y)) x, sin9, ) (16)2N2
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From thin wing theory, (a - <5(x,.y)) is assumed to be sufficiently small,
so that,
cos (a-6(x,y)) =1 (17)





 (IT- - a > <18>
Therefore, from Eqs. (17) and (18), the Eqs. (14), (15), and (16) may
be recast into the following simple expressions,
Nl 3z
N






2 h. NL 3z
IT ^— L \— / C
 N . .
- a ), sine.
c {_ N L_ 'w v 3x " yk "uk (19)
L=l k=l fc .
N,
z n_2 h L
V sinek
L=l L k=l k
2 h NL
' . v ^ - ^ ^ (21)k-i k
where h. = x, and h_ = 1-x, • > and N^^ and N- are the numbers of vortex
points in each section along the chordwise direction. The control and

































































+ -£- (l-cos6k) , L-1,2 (22)
(2k-l)TT
~ - ' k=l,2,-..,N (23)
and,
hL
x. = x^ + —r— (l-cosS ) , L=l,2 (24)i IJ~.L z i
6. Sf- , i= !,-••,N. (25)
1 NL L
Note that x =0 in Eqs. (22) and (24).
o
3.3 Overall Aerodynamic Characteristics
The total induced drag, lift and pitching moment coefficients of
the wing are determined by spanwise integration of the sectional charac-
teristics. Again, the integration is first transformed to an angular
coordinate $ ( 0 <.<{><. ir ) » and then reduced to finite sums by the
conventional trapezoidal rule. Therefore, the total induced drag co-















2 h NL 3z
W l
 * i=l L-l
V1 N
.-yjTT Z 2 h WL 3z
( N
L=l L k=l






 f 3 f P 2 h, NL 3z
-IT
w I t—, P f—, r~, L t"i kL
 p=l *^ i=l L=l k=l







and it is understood that the indices p, i and L will take proper
values at the appropriate spanwise sections and chordwise locations,
respectively.
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In Eq. (26), N is total number of wing vortices over the semi-span,
and the width of each spanwise section is :
fl = vl . , (26-b)
f2 = y2~ yl (26. c)
f3 = b/2 -.y2 (26. d)









where the index n indicates the corresponding vortex point over the wing.
Each spanwise section is divided into vortex strips by the semi-circle
method. The vortex strips in each interval are obtained through the
following relation:
f
yj = yp-l +~2B~ (1 " COS V ' P = 1)2'3 (29>a)
fj = (2j - l)ir/(2Mp) , j = l,'"',Mp (29. b)
and y-control points are given by:
f
yt = y + -^— (1 - cos $±) , p = 1,2,3 (30. a)
4>. = ITT/M , i = !,•••, M -1 (30. b)i p p
Note that y = 0 in Eqs. (29. a) and (30. a) . M., M., and M. are the
numbers of spanwise strips plus one in each section, (see Fig. 2b)
3.4 Optimization Equations . .
From section 3.3, the expressions of induced drag, lift and pitching




































mum solution of wing-alone loading such that the induced drag is minimized
with the lift and pitching moment constraints will be described. To start
the iteration, the wing vortex strengths are at first assumed zero. Then
as shown in Appendix A, based on the Method of Gradients (ref."13), the
increment of the wing-alone vortex strength can be determined from the
following equations,
3C 3C_ 3CAv + xr§7-Aa + X2~w~Aa 37^ Ao •
k Wk Wk Wk
k=l,..-,Nt
Nt 3CT / •>




r V8- AY - - C - C (n) (33)Z_ 3YW Tw, m m J^
k=l k *
where CT and Cm are tne specified constraints,c ^' and r areL
 L m
the computed values in the n-th iteration. Therefore, the new vortex
density will be given by :
The optimum solution is obtained as c . becomes' minimum, or the camber
shapes do not change further by any significant amount.
In the wing-alone case, the step size Aa can be computed in each
iteration by using one-dimensional optimization technique. Differentiating
Eqs. (26), (27), and (28) with respect to
 Y gives the relations,
.' •
 wk ' ' :
3C7 2





"k w ; :
From Eq. (5), the camber slope at vortex point k can be expressed as
3z NtOZ L
C v _ v—
^^l n
where a, is the element of matrix [Aj.It follows that Eq. (26) becomes
w2 Nt Nt
* U - ~ k * •
1 1 1k=l n=l
Therefore,
3C • ' 2 Nt Nt
^ = — ( 5l« c ^ or5k





 I ( »k -kn + §n ank } ^ w
W
The objective is to find the best step size such that Cn . will decreaseL),l
in the steepest descent direction. It can be shown by the chain rule ,
that :
3C
%*~ = Y_ ( 3y i } ( -TT^T-) (40)
k=l Wk
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Since the new vortex strength and the old vortex strength may be assumed
to be :
Y = Y .
'w. 'w,k k









Substituting Eqs. (39), (41) and (42) into (40) gives:
(





The optimum step size Ac can be obtained by setting a (An) to zero<
It follows that
h
 *n ank > V V
J-JL-1 _ _
 (44)
( S k a k n + 8 n a n k ) V V
fc-1 n=l
In the jet-on case, the total wing vortex strength is equal to the
sum of the wing-alone vortex strength y and the additional wing vortex
WQ
strength










In the optimization iteration, YW is regarded as the independent varia-
ble. In the optimization Eqs. (31) - (33), the derivatives — ,
9Cm 3C W°
and D.j^  are needed. They can be obtained by differentiating
3
^w0 3y




3CL 2 t 3yL TT , \— / 'va . .
_ .. (48)
N3'C 2 t • 3y
m TT ., r— ., 'wa , , .r.-s
T? - = T- ( §k ^  + Z_ si xi ( TT — }i} (49)1
 t-y TJ *— ' TJ
°k i=l °k
From Eqs. (1) and (8), and the interpolation matrix I I , the camber slope
at the vortex point k is given by :
3z Nt
C x




 - b, Y 4 (50)kn oj
j=l .. n=l
where N. is the total number of jet" vortices in the outer flow, and
a and b, are the elements of the transformation matrices A
andl B [respectively. From Eqs. (4) and (8), [Aj and JBJ are defined as
[A]=













k=l "°i j=l n=l
N. N N.t t 3Y
n=l m=l w°i
(52)
Eqs. (48), (49), (51) and- (52) will be evaluated in each iteration,
because the needed derivatives depend on the values of Y , Y and
"o wa
Y . in the preceeding step.
The derivatives , can be obtained by differentiating
°Y 3Y
w0 wo
Eqs. (6), (7) and (8) with respect to
 Y and solving the differentia-Wo
ted simultaneous equations.
From numerical experimentation, it was found that the one-dimen-
sional optimization technique in. finding the best step size used previously
for the wing alone case did not produce consistently converging solutions
in the jet-on case. In fact, the rate of convergence depends very much
on the jet strength, or on y . According to the author's experience,
the following relation of step size and y may be used:
23
Aa = 3.0864 y - 0.39506 (53)
1
 <*
The above computed step size is assumed unchanged during iteration for the
jet-on case.
3.5 The Determination of Camber Ordinates
Once the optimum solution of the wing vortices has been determined
from section 3.4, the camber slope at vortex points over the wing may be
found from Eq. (5). This section will describe the method used in find-
ing the camber ordinates from the given camber slope. Let the wing cam-
ber slope be developed into Fourier cosine series. Then in each spanwise
vor.tex strip over the wing, the camber slope functions have the following
expression,
3z Nc




- - a) d6
N
1
N • 3x -k (55)
C
and for j>l ,
24
where a - (2k-l)ir , , N
\ 2N ' K lf 'c
c
Once the Fourier coefficients are determined, the camber ordinates can be
obtained by direct integration. For each vortex strip, Eq. (54) is :
3z
- a ) = a. + a. cose + + a.. cos(N -1) 6 (58)1 2 ~ N c c
where N is the total number of chordwise vortex elements. By integrating
Eq. (58) with respect to x , the camber ordinates along each spanwise
vortex strip over the wing can be obtained. Thus,
z (x) =(a +a.)x + \ (a0cos8 + + a.. cos(N -l)8)dx (59)
c 1 1 2 N cJ o c
Since x = ( 1 - cos8) / 2 , Eq. (59) becomes
re
z (9) = (a + a.)(l-cos6)/2 + \ (a0cos6+ +a.. cos (N -l)9)sin6de/2
c 1 j o - ' wc c
(60)








it follows that Eq. (60) becomes :
z (8) = (a+a.) (l-cos0)/2 - a0cos26/8 -C 1 Z
N -1
_1_^ cos(1+n)6
 + cos(l-n)e + g
4 / 1+n 1-n 1
n=2
where a and 0. are the local angle of attack and integration constant
respectively. They are determined by ends condition. Since zc(0) =
z (IT) = 6 , from the leading-edge end condition,
N -1
a9 1 C 1 1
z (0) = ^  -=^ 7- V a. .. ( -rz— •«••-—— ) + C. = 0
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 Cl it ta l
Hence, the local angle of attack is given by:
L









-coseL_ ., xCQs(l-n)TT-l cos(l+n)Tr-lN . ,1








3.6 Summary of Solution Procedures
In the jet-off case, the basic unknowns to be determined are the wing-
alone vortex strengths. The problem is solved by the iterative process
described below :
1. Assume all the initial wing-alone vortex strengths are zero and
the initial step size has some value, typically 50.
2. By solving the optimization equations, i.e., Eqs. (31) - (33),
the new wing-alone vortex strengths are determined.
3. Calculate the camber slope at the vortex points from Eq. (5)
and compute the aerodynamic characteristics.
4. Check the convergence of the induced drag coefficient and adjust
the computed step size if necessary.
5. Compute the new step size by using one-dimensional optimization
technique.
6. Repeat steps 2 through 5 until a converged solution is obtained.
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7. Calculate the camber ordinates, local angles of attack and the
optimum loading.
In the jet-on case, the value of additional wing vortex strengths
depend on the value of wing-alone vortex strengths in each iteration.
Therefore, the approach to find the optimum solution is described below;
1. Invert the augmented matrix of the boundary conditions, i.e.,
Eqs. (6) - (8). .
2. Calculate the derivatives of the jet vortex strength in the
outer flow and the additional wing vortex strength with respect
to wing-alone vortex strength from the differentiated equations
of Eq. (6), (7) and (8).
3. Set up the transformation matrices from Eqs. (50.a) and (50.b).
4. Compute the derivatives of the camber slopes at the vortex points
with respect to the wing-alone vortex strength, i.e., Eq. (51).
5. Assume the initial wing-alone vortex strengths equal to the
optimum loading which were found in the jet-off case.
6. By solving the optimization equations and varying the initial
computed lift and pitching moment coefficients to the constrained
values gradually, the new wing-alone vortex strengths can be ob-
tained .
7. Calculate the camber slopes at vortex points from Eq. (50).
8. Use the new wing-alone vortex strengths to determine the right
hand sides of Eqs. (6) - (8).
9. Calculate the jet vortex strengths in the outer flow and the
additional wing vortex strengths by the results of steps 1 and 8.
10. Compute the total wing vortex strengths and the aerodynamic char-
acteristics.
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11. Once the computed lift and pitching moment coefficients achieve
the constrained values, check the induced drag coefficient and
.adjust the assumed step size if necessary. Finally, calculate
the camber ordinates, local angles of attack and the correspon-
ding loading.
12. Check the changes in camber ordinates in consecutive iterations.
13. Assume a constant step size for each iteration, the step size
being determined by the empirical formula of Eq.(53).
14. Repeat steps 6 through 13 until the desired solution is obtained.
It should be noted that in the first iteration, steps 6 and 7 are to
be omitted. From the assumed wing-alone vortex strengths, the initial
computed lift and pitching moment coefficients are determined.
To have a smooth transition in the entire iterative process, the initial
computed lift and pitching moment coefficients will be varying through
several intermediate cycles, and each cycle includes two or three iter-
ations. Since the solution is very sensitive to the variation of the
step size, the computed step size by one-dimensional optimization tech-
nique is not used. A reasonable step size in the entire iterative process
should be such that the induced drag coefficient keeps decreasing as the
specified constraints were reached.
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4. NUMERICAL RESULTS AND DISCUSSIONS
A highly swept back tapered wing (NACA 64A010 uncambered) has been
selected for analysis to check out the program and illustrate its application.
The basic geometries of the planform are: (1) aspect ratio of 5.5; (2)
taper ratio of 0.532; (3) sweep back angle at quarter chord of 45°. In
the wing-alone case, all the results have been calculated by using six
chordwise vortex elements and ten spanwise vortex strips over the semi-span
of the wing. The geometry is shown in Fig. 3. In the jet-on case, the
semi-span of the wing is divided into three sections, and there are three
vortex strips inside the jet region. The length of trailing jet c. used in
the analysis was one local chord length and four trailing vortices in the
computation. The jet exit is at the leading-edge.
The computed induced drag coefficient in the jet-off case approaches
the theoretical minimum induced drag coefficient in about 10 iterations,
as shown in Fig. 4. The speed of convergence depends on the absolute value
of the computed step size. The solution is assumed to have converged if
the difference between the computed induced drag coefficient and the
theoretical minimum induced drag coefficient is less than five percent.
With the wing design lift coefficient being 0.6 and the design pitching moment
coefficient being -0.036, an iterative process is then used to derive the
optimn camber and the local angle of attack distributions. Calculated mean
camber ordinates and pressure distributions are compared with' Stevens' (Ref. 5)
theoretical results by the Kernel function method (Ref. 8) for three spanwise
stations in Figs. 5-6. The agreement is seen to be reasonably good. It
should be noted that to make the comparison at the same spanwise locations

































Figure 4. Convergence of Induced Drag Coefficient vs
number of iterations in the jet-off case.





































































(1) the calculated mean camber ordinates at spanwise stations of 0.15,
0.5 and 0.85 ; and (2) the computed pressure distribution at spanwise
stations of 0.383, 0.707 and 0.924. The comparison of the local angles
of attack (or twist) is shown in Fig.7. The agreement is again good.
Near the root chord, the computed twist by the present method is seen
to be quite nonlinear. This result is consistent with the swept wing
•
design by Williams and Ross in Ref. 16. It is probably due to the
planform kink effect . This kink effect seems to appear also in the
calculated span loading by the present method, as shown in Fig. 8.
Having established the accuracy for the present method in the
wing-alone case, it is of interest to see the minimum induced drag
configuration with upper-surface-blowing jet. The geometry is shown
in Fig. 9. To show the jet effects, two areas of interest will be
investigated. First, how the wing-alone results will be modified by
the blowing jet with given y and 6.. Second, what the effects of
U and 5. would have on the camber ordinates, span loading, twist
and pressure distribution. All the results are indicated in Figs.10-16.
In the jet-on case, the design circulation lift coefficient is 1.2
and the design pitching moment coefficient is -0.075. The calculated
camber ordinates at two spanwise stations outside the jet region
are shown in Fig.10. It is seen that the mean camber lines are
changed significantly in the jet-on case. How they are changed depends
* on whether they are inside or outside the jet region. The-results
in Fig. 10 are for p = 0.1288 and hence are for low speed and high
thrust conditions. Also , as indicated in Fig. 10, the 6. effect
on the mean camber is very small. Inside the jet region the camber
ordinates at two spanwise stations are shown in Fig. 11. It is






























































































A „ - 45°
c/4
A = 0.532
V 2 = 1
CT - 1.2
C - -0.075m





Figure 9. Geometry of Wing Planfonn and Jet location

















































































region must be largely reduced from the wing-alone configuration. In the
example shown, the camber ordlnates become negative in the inboard vortex,
strip and the flat smooth camber in the outboard vortex strip. When y is.
increased to 0.2576 and 6. is 10°, the aerodynamic jet interaction is either
to shift the maximum camber ordinate backward (y =0.21014) or to increase
the camber ordinates near the trailing-edge (y = 0.25944). Also, in Fig. 11
when 6, is increased from 0° to 10°, the mean camber is decreased positively,
especially, near the trailing-edge. From the results of Figs. 10 - 11, the
trend is seen to be that the distribution of the final mean camber shape
after the optimization process should be such that the loading are decreased
inside the jet region and increased outside the jet region. Figs. 12 - 14
illustrate the pressure distributions at four spanwise stations. In Fig. 12
the y effect on the pressure distribution outside the jet region are as
follows. In the figure, the so-called initial pressure distribution is
obtained by applying the jet on the wing-alone optimized configuration. It
is seen that at a given y, the final pressure distributions are increased
after the optimization process. Also, the final pressure distributions are
increased as y is increased from 0.1288 to 0.2576. The effect of 6. is so
small that its effect on the difference in pressure distribution is not
shown in Fig. 12. Figs. 13 - 14 show the pressure distribution inside the
jet region at two spanwise stations. It is seen that there is a high peak
in the initial pressure distribution with strong jet strength. After the
optimization process, the final pressure distributions become flat. As y is
increased from 0.1288 to 0.2576, it seems that the final pressure loading
becomes smoother, and the difference between initial and final pressure






























































































































































































10°, the pressure distribution is again changed only slightly. Fig. 15
indicates that the final loading is seen to be still concentrated in the
jet region. 'This is probably because of the jet spreading effect has not
been accounted for. From the above results, it is seen that the smaller
the u is, the higher the span loading will be inside the jet region. The
initial and final pressure distributions for y = 0.1288 and y = 0.2576 are
also shown in Fig. 15. The distributions of local angle of attack in the
spanwise direction over the semi-span are shown in Fig. 16. It is seen
that to reduce the loading inside the jet region negative local angle of
attack are needed. As y is decreased, the local angle of attack is increased
negatively inside the jet region. And the decrease of 6. would increase the
local angle of attack inside the jet region. The large variation in the
local angle of attack inside and outside the jet region would be smoothed
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5. CONCLUSIONS AND RECOMMENDATIONS
By using Lan's QVLM (Ref. 9) and his wing-jet interaction theory
(Ref.10 and 11) , an optimization method for-calculating the mean camber
surface and twist distribution for the minimum induced drag configuration
with the upper-surface-blowing jet has been developed. The predicted
results show good agreement with Stevens' (Ref.5) theoretical method
for configurations without the jet effect. Because of lack of data for
comparison, the accuracy of the theory with the blowing jet effect cannot
be established. However, the trend of jet effect on camber ordinates,
span loading, twist and pressure distribution has been investigated.
The investigation made so far has been for a swept, tapered wing
with zero leading-edge suction and the jet exit at the leading-edge in
the incompressible flow only. The present method can be extended to
handle jet exit away from the leading-edge. Further study for different
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Appendix A
Gradient Projection Method with Linear Constraints (Ref.13)
Consider the objective function C_. . of'N variables y i » * * " » Y »JJ,i wi wn
which possesses continuous partial derivatives with respect to these
variables. Starting at some point Y
 k = Y k » k=l,-**,n, moving with
a small distance ds defined in the Euclidean sense:
ds2 = V (dYwk)2 (A.I)
k=l
Then,
)2 = 0 (A.2)
k=l
Since the steepest descent direction of Cn . is the direction of the
dCD >:L
most negative —-:—*— , thus,
ds
7CD,i ' -S2- < ° (A'3)
The method described below is to find the direction of steepest descent
among the directions which make Eq.(A.3) stationary subject to Eq.(A.l).
By using Lagrange multiplier X , the following functional can be formed:
k=l m=l
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Differentiating Eq.(A.4) with respect to (———) and setting the result
to zero, it is found that :
3C_ . dv .D,i , , , „ 'wk
 x
> k - 1'">
or,
rwk
Substitution of Eq.(A.6) into Eq.(A.2) gives:
(A.6)
(A.7)






3CD iProvided the partial derivatives —-—'— are not all zero, there are
wk dC
D itwo distinct sets of directional numbers which make —T—*— stationary.
uS




k = 1 ,.•••,H' '
From Eq.(A.S) the directional derivative can be shown to be





Let a be a time parameter. Consider the motion along the negative
gradient direction as a continuous process. Then Eq.(A.I) becomes :
^
 N
 ' ' <*Y 9 1 / 0 -QS f V "~ *' WTti \ £ i ± / £ --
— • • •• • as r \ ( - " j I s \7 . | Ado / do v
m=l
From Eqs.(A.9) and (A.11), it can be seen that :
aCD.i .2 ,-1/2
da ~ do
k = 1 , - - ' ,N (A.12)





= - K a..' , m=l,..-,N (A.14)do
wm
Eq.(A.14) shows that the motion in the negative gradient direction is
assured by setting the time derivatives of the coordinates y
w
proportional to the partial derivatives of C_ ..
If the stepwise version is considered, then Eq.(A.14) becomes :
wm
where the constant K may be absorbed in the step size Acr. Hence :
'wm
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If the objective function C_^ , is subject to the two linear equalityjjji
constraints,
CL <Ywl'"'">Ywn) = ~CL
the relation appropriate to a stepwise process analogous to that given
by Eq.(A.16) are :
Ywk ~ Ywk ^ 3y , 1 3y , 2 3y .
'wk wk wk
(A.19)
k = !,••-, N
or,
3C 3C 3C .
-
Ao +







Twk * °Ywk °Twk
By Taylor's series expansion, Eqs.(A.17) and (A.18) become
CL (Ywl» '^  ~- CL
N 3C.
V " * jj /"" ™" V / ~ V
k=l W
(A.21)
C (v . , ,v ) = C





Assume that the constraints are satisfied at the point y j,= Y i, • Then
WK. WK.
Eqs.(A.21) and (A.22) become:
N 3CT
Z , L AY . = 0 (A.23)»Y _. w^-J , 'wi
« oo
I T^T 4r* • » . <*•">
In the present method , since the initially computed CT and C values
.LI m
approach the constrained values gradually, Eqs.(A.23) and (A.24)
become the following modified form which are actually applied in the
iterative process :
N 3CT f ^I ITT AYwi • 'L - CL(P) <A-25)
N 3C
 ( ^
Y~ ^ m AY . = C - C (P) ' (A.26)Z_ aY^ i Twi m m
1=1 w1
where CT p' and C P are the computed values at the p-th iteration.L m
The optimization equations include Eqs. (A. 20) , (A. 25) and (A.26). They
are to restore the linear equality constraints and adjust the variables
Y.J.* The optimal solution of Y v can ^e ^ oun^ as the objective function
C . reaches the minimum.
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Appendix B
Description of the Computer Program
This computer program provides a theoretical method for determining
the minimum induced drag configurations in the wing-alone and jet-on
(USB) cases. The first part of the program is used to set up the
influence coefficient matrices of the boundary conditions ( the detailed
explanation is in Ref. 17 ). The calling routines of this part include
" GEOMTY ", " JETOFF " and " JETON ". The optimum camber shape and
twist distribution for the minimum induced drag can be determined by
using the second part of the program. The calling routines of this
part include " WALNOL "," INVMTX "," COMJET " and " JETNOL ". In the
wing-alone case, the optimum solution can be found from the subroutine
11
 WALNOL ". In the jet-on case, the subroutines " INVMTX ", " COMJET "
and " JETNOL " should be used. The initial wing-alone vortex strengths
used in the jet-on case are obtained by Lagrange interpolation from the
optimum results in the wing-alone case.
56
Pre-Run Check List
Before running the computer program, the following checklist should
be completed:
(1) To use the adjustable dimensions in the program, the three
constants of IPANEL, ICW and JPANEE should be declared as







The constants IPANEL, ICW arid JPANEE are defined as. follows:
IPANEL Total number of wing vortices (LPANEL).
ICW Total number of chordwise vortices along each
vortex strip.
JPANEE Total number of jet vortices in the outer or
inner flow (JPANEL).
(2) For IPANEL = 60, ICW = 6, JPANEE = 80, the minimum memory
needed is 74K (decimal).
(3) If ITAPE - 0, the subroutines " INVMTX " and "COMJET " are
executed and all the matrices are calculated and stored on
tape. If ITAPE - 1, the subroutines " INVMTX" and " COMJET "
are bypassed and the calculation proceeds using the matrices
already computed (and available on tape).
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(4) Nine temporary files and one tape must be provided. The detailed
explanation of each file is given below:
File 01 The influence coefficient matrix NTir. for theL "™ j
wing-alone case.
File 02 The tangential velocities on the trailing jet
surface to be used to satisfy the jet flap
effect.
File 03 All the influence coefficient matrices of the
boundary conditions for the jet-on case.
File 04 The influence coefficient matrix after being
interpolated for the wing-alone case ( I A J).
File 08 The coefficient matrix of the optimization
equations and the right hand side of those
equations.
File 09 The inverted augmented matrix of the boundary
conditions.
File 10 The derivatives of camber slope with respect
to wing-alone vortex strength.
File 11 The influence coefficient matrices after being
interpolated for the jet-on case (J A J , I B J).
File 12 The derivatives of the jet vortex strength in
the outer flow and of the additional wing vortex
strength both taken with respect to the
wing-alone vortex strength.
(5) Check input data.
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Input Data Format
Group 1. Format 13A6 1 card .
Any title identifying the case to be run.
Group 2. Format 4(6X,I4) 1 card
ICASE Number of cases to be run.
NG = 0 if all cases have the same geometry other than
the angle of attack.
= 1 if new configurations or different freestream-
j'et velocity ratios are to be treated.
ISYM = 0 for a centered jet.
= 1 , otherwise.
ITAPE = 0 if all matrices are to be calculated and stored
on tape.
= 1 if all matrices on tape are to be used.
Group 3. Format 8F10.5 1 card
AMI Mach number of the freestream.
AM2 Mach number of the jet flow.
VMU Freestream velocity divided by jet velocity.
TEMP Jet static" temperature divided by freestream static
temperature. Assumed to be the same as ratio of
freestream density and jet density.
ALP Angle of attack in degrees.
XEL X-coordinate of the wing L.E. at the jet centerline.
XET X-coordinate of the wing I.E. at the jet centerline.
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Group 4. Format 2(6X,I4) 5F10.5 1 card
NFP Number of flap sections,including the jet span,
A maximum of five flap sections may be input..
NJP Numerical order of the jet span among the NFP
sections.
DF(I) Flap deflection angles in degrees for the flap
1=1,NFP .
' sections.
Group 5. Format 8F10.5 1 card
HALFSW One half of the reference wing area.
TWIST Difference in angle of attack at the tip and the
root in degrees. Negative for washout.
TWISTR Incidence angle of the root chord in degrees.
XJ X,Y, and Z-coordinates of the midpoint of the jet
YJ ' cross section at the exit.
ZJ
RJ Jet radius.
CREF Reference chord length.
Group 6. Format 3F10.5 1 card
TEANGL Trailing-edge half angle of the airfoil at the jet
centerline in degrees. For USB applications, it may
be arbitrary.
PTIAL = 0. for clean or full-span flap configuration.
= 1. for partial-span flap deflection.
USB = 0. for OWB applications.












Jet deflection angle in degrees at the trailing
edge relative to the chord line. At small flap
angles, it may be taken as the sum of flap angle
and the airfoil trailing edge half angle. At
large flap angles, experimental values should
be used.
=0. if the entrainment is not to be accounted
for. Usually this is the case if the jet is
on the wing surface.
= 1. if the entrainment due to an equivalent
round jet is to be accounted for when a
rectangular jet is not on the wing surface.
8(6X,I4) 1 card
Number of spanwise sections. A natural way of
dividing a planform into sections is to follow
lines of discontinuity, such as edges of
partial-span flap, jet boundary, wing edge
discontinuities,etc.






















The numerical order of the flap and jet spans
among the spanwise sections.
3(6X,I4) 1 card
Number of chordwise vortex elements in each
chordwise section. The planform is divided into
chordwise sections according to such lines of
discontinuity as jet exit, flap hinge,etc.
6F10.5 1 card
x-coordinate of the leading edge of the inboard
boundary chord of a given spanwise section.
x-coordinate of the trailing edge of the inboard
boundary chord of the same spanwise section.
y-coordinate of the inboard boundary chord.
x-coordinate of the leading edge of the outboard
boundary chord of the same spanwise section.
x-coordinate of the trailing edge of the outboard
boundary chord.
y-coordinate of the outboard boundary chord.
6(6X,I4) 1 card
Number of jet sections.
= Number of jet circumferential strips minus one
for a noncentered jet (always use odd numbers).
= Number of jet circumferential strips on the half

















Number of streamwise vortex elements in each
section. For those jet sections above the wing,
these numbers should agree with the correspond-
ing numbers of wing vortices.
4F10.5 (4 x NNJ) cards
Coordinates of the bounding lines defining the
rectangular jet sections in USB applications.
They are the x-coordinates of the leading and
trailing edges, the y-coordinate and the z-
coordinate of the bounding line. There are 4
cards for each jet section. The jet section
behind the trailing edge should be at least
one local chord in length.
(4F10.5.I10) 1 card
Theoretical minimum induced drag coefficient
in the wing alone case.
Lift constraint in the wing alone case.
Pitching moment constraint in the wing alone
case.
Initial step size in the wing alone case.
Maximum number of iterations in the wing
alone case.
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Group l5i Format (3FiO.5,110) 1 card
CLEAR Lift constraint in the jet-on case.
CMBAR ;Pitching moment constraint in the jet-on case.
DELTQ Initial step size in the jet-on case.
MAXP Maximum number of iterations in the jet-on case,
Group 16i Format (I10.F10.5) 1 card
NUMB Number of intermediate cycles for the initial
computed lift and pitching moment coefficients
to reach the constrained valuesv There are two
or three iterations in each cycle.
SIZE The constant step size is to be used in the
jetton case*
Note: The read statements for the input data in groups 3-13 can be
seen in subroutine " GEOMTY ", the input data of group 14 is
in subroutine " WALNOL ", the input data in groups 15-16 are
in subroutine " JETNOL "i The input data for groups 1 and 2
can be seen in the main program.
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The title of the job and the input data will be printed in the same
format as it was input. For the upper-surface-blowing configuration,
the following output data will be printed :
HALFSW The reference half-wing area.
CREF The reference chord length.
LPANEL Total number of wing vortices.
JPANEL Total number of jet vortices in the outer or inner
flow.
LAST The number of wing vortices plus the number of outer
jet vortices.
LAST = LPANEL + JPANEL
LTOTAL The total number of vortices which is the sum of wing
vortices, outer jet vortices and inner jet vortices.
LTOTAL - LAST + JPANEL
= LPANEL + 2 (JPANEL)
Vortex Element Endpoint Coordinates
X.jY.jZ. Coordinates for the inboard endpoint of a bound vortex
element.
X-.Y^.Z- Coordinates for the outboard endpoint ( corresponding
to ( X.,Y.,Z<) ) of a bound vortex element.
Note: Wing elements are listed first and then jet elements. The number






Two columns of control point coordinates, one point
for each vortex element.
Note: Control points on the wing are listed first and then control
points on the jet surface. The number of points listed should
equal (LAST).
. Overall Aerodynamic Coefficients
DELTA The step size which is used in the N-th iteration.
CDII The computed induced drag coefficient in the N-iteration.
CLII The computed lift coefficient in the N-th iteration.
CMII The computed pitching moment coefficient in the N-th
iteration.
Camber Shape and Twist Distribution
ALPAO Local angle of attack (twist) along each vortex strip.
CAMZC Camber ordinates along each vortex strip.
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Sectional Pressure and Force Data
XV Fraction of local chord.
YV Spanwise fraction of semispan. .
CP The total AC at the given (XVjYV) point due to both wing and jet
induced circulation.
CPW The AC that would occur at that same point for the wing alone
case.
Y/SP The y-coordinate of the chord divided by the half span.
CL The sectional lift coefficient due to circulation (jet on),
nondimensionalized with q c.
OO
CM The sectional pitching moment coefficient about the Y-axis,
2
nondimensionalized with q c .
00
CT The sectional leading edge thrust coefficient, nondimensionalized
with q c.
<s>
GDI The sectional induced drag coefficient, nondimensionalized with q c,
°°
CLW The sectional lift coefficient for the wing alone case.
CMW The sectional pitching moment coefficient (about Y-axis) for the
wing alone case.
CDW The sectional induced drag coefficient for the wing alone case.
Span Loading Computation
Jet-Off Span Loading
( CLW x CH )
- * • CREF (where CH is local chord length)
Jet-On Span Loading .
( CL.x.CH )
CREF (where CH is local chord length)
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Total Force and Moment Data
The Lift Coefficient
The total circulation lift coefficient due to the wing, wing-jet
interaction and entrairunent (if any). ,
Total Induced Drag Coefficient
Total induced drag coefficient for the jet on case.
Induced Drag Parameter
S.i i
" ~T2 °r ire AR
t
Total Pitching Moment Coefficient
Pitching moment coefficient due to all circulation forces, about
the Y-axis. Nondimensionalized with CREF.
Coanda Effect
Coanda Lift Coefficient
The lift coefficient due to the lift component of the jet reaction
force.
Coanda Drag Coefficient
The drag coefficient due to the drag component of the jet reaction
force.
Coanda Moment Coefficient
Pitching moment coefficient due to the pitching moment caused by
the jet reaction force (about Y-axis).
The last four coefficients printed are due to aerodynamic forces and






























































































































$ OPTION F O R T R A N
$ FORTY
$ INC ODE TBMF
C M I N I M U M INDUCED DRAG CCNFIGURAT ION W I TH JET INTERACT ION
C BY C. E D W A R D LAN AND JENN-LOUH PAD OF THE UN I V E R S I T Y OF K A N S A S
C T H I S P R O G R A M IS D E S I G N E D TO F IND THE OPT I MUM C A M B E R S H A P E / T W I S T
C D I S T R I B U T I O N / S P A N L O A D I N G / AND C H O R D W I - S E P R E S S U R E D I S T R I B U T I O N
C C O R R E S P O N D I N G TO THE MINIMUM INDUCED D R A G C O N F I G U R A T I ON IN THE
C W I N G ALONE AND JET ON < U P P E R - S U R F A C E - B L O W I N G ) C A S E S .
C
DIMENSION A W ( 3 0 0 ) / T I T L E ( 1 3 )
C O M M O N / S C H E M E / C ( 2 ) / X (1 0*41 ) > Y (1 0>41 ) / S L O P E ( 1 5 ) / X L ( 2 / 1 5 ) / X T T U 1 ) /
1XLLU1)
C O M M O N / G E O M / H A L F S W / X C P ( 2 0 0 ) / Y C P ( 2 0 0 ) / Z C P ( 2 0 0 ) / X L E ( 5 0 ) / Y L E ( 5 0 > / X T
1 E ( 5 0 ) / P S I ( 2 0 ) / C H ( 9 5 ) / X V ( 2 0 0 ) / Y V ( 1 0 0 ) / S N ( 8 / 8 ) / X N ( 2 0 0 / 2 ) , Y N ( 2 0 0 / 2 ) /
2 Z N ( 2 0 0 / 2 ) / W I D T H ( 8 ) / Y C C N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B / S J ( 2 1 / 8 ) / E X ( 9 5 / 2 ) / T X (
3 9 5 / 2 ) / S C ( 1 6 0 / 5 ) / S I ( 1 6 0 / 5 ) / L C ( 3 )
C O M M O N / A E R O / A M 1 / A M 2 / B 1 / B 2 / C L ( 3 0 ) / C T ( 3 0 ) / C D ( 3 Q ) / G A M ( 2 /100)
COMMON / C O S T / L T O T A L / L P A N 1 / N J W ( 5 ) / L P A N E L / I E N T N / L P A N 2 / E X I T / P T I A L / T W
1 I S T / D F ( 5 ) / N F P
COMMON / C O N S T / N C S / N C W / M 1 ( 8 ) / N S J / N C J ( 5 ) / L A S T / M J W l ( 3 / 5 ) / M J W 2 ( 3 / 5 ) / J
1 P A N E L / M J J ( 5 ) / N W C 3 ) / N N J / N J P
C O M M O N / P A R A M / A L P T / A L F C / A L P S / C D F / S O F / T H / T D F
C O M M O N / J E T / P K 1 / X C / X J T ( 3 1 ) / A ( 3 1 ) / B ( 3 1 )
C O M M O N / A D D / C P ( 100 ) / C l*( 30 )/B RE AK (8) / S WP (8 /1 5 ) / GAL ( 30 ) / IS Y M / V M U / V U
1 / T E M P / F C R / C A M L E R / C A M L E T / C A M T E R / C A M T E T / X J / Y J / Z J / R J / A L P / C R E F / T W I S T R
C O M M O N / C L O P E / DZD XK< 1 00) / ALP AO (1 5 ) / GC B( 1 00) / G C B X d 00) / THE TAX ( 1 0)
1 / C C X ( 1 0 0 ) / O Z D X K ( 1 0 0 ) / G A N ( 2 / 1 0 0 )
COMMON /L ING/ GL8A R / G M B A R / F C L I I /F CMII
'COMMON /WLONE/ DZDXKW(100)/GAMWXI00)/CAM2cw(ioo)/ALPAOw(20)
COMMON. /I DENT/ DZDXK1 ( 100)/GAM 1(100)/CAMZC1(100)/ALPA01(20)/YLE1(2
10)
2 FO R M A T (5F10.5 )
3 F O R M A T ( 7 ( 6 X / I 4 ) )
19 F O R M A T ( 1 3 A 6 )
4 0 6 F O R M A T ( 4 Q H * * * * * * * * * * * * * * * *'***. * * * * * • * * * * * * * * * * * * * * * * . )
P I=3 .14159265
R E A D ( 5 /19 ) ( T I T L E ( I ) / 1=1/13)
W R I T E ( 6 / 4 0 6 ) . - .
W R I T E ( 6 / 1 9 ) ( T I T L E ( I ) / I = 1 / 1 3 )
W R I T E ( 6 / 4 0 6 )
NCON=1
' c • • • : - . •
C - * * * N U K 8 E R OF C A S E S TO BE RUN/ G E O M E T R Y C O D E ( = 1. IF G E O M E T R Y V A R I E S .
C IN THIS C A S E / A L P H A MAY A L S O BE D I F F E R E N T . =0 FOR THE S A M E GEOME-
C TRY 3UT D I F F E R E N T A L P H A ' S ) / AND S Y M M E T R Y C O D E (=0 FOR A C E N T E R E D
C J E T / AND=1 O T H E R W I S E ) / I T A P E = 1 FOR M A T R I C E S ON T A P E ARE TO BE U S E D
C I T A P E = 0 / THEN C O M P U T E ALL M A T R I C E S ***
C
R E A D ( 5 / 3 ) I C A S E / N G / I S Y M / I T A P E ,




C A L L LL INK(6HLINK11)
C A L L G E O M T Y ( K C O O E )
C A L L LUNK (6HLINK 22)
C A L L J E T O f F
CALL LLINK(6HLINK33)
C A L L W A L N O L
98 C O N T I N U E
R E A D (5 *19 ) (TITLE(I ) ,1=1,13)
W R I T E (6 ,4C6)
W R I T E (6,19) (TITLE( I ) ,1=1 ,13)





IF (ITAPE ,E3. 1 ) GO TC 40
CALL LLINK(6HLINK22)











RE W I N D 10




R E A D (01) (AW(J),J=1,L1)
41 W R I T E (13) (AW (J) ,J=1 ,L1)
D O 4 2 I = 1 , L T O T A L
R E A D (03) ( A W ( J ) , J = 1 , L T O T A L )
4 2 W R I T E (13) ( A W ( J ) , J = 1 , L T O T A L )
D O 4 4 I = 1 , L T O T A L
R E A D (09) ( A W ( J ) , J = 1 , L T O T A L )
44 W R I T E (13) ( A W ( J ) , J =1 , L TOT AL )
DO 45 I=1,LPANEL
R E A D (10) ( A W ( J ) , J = 1 , L F A N E L )
4 5 W R I T E (1"3) ( A W ( J ) , J = 1 , L P A N E L )
DO 46 I=1,LPANEL
R E A D (11) ( A W ( J ) , J = 1 , J 7 )
4 6 W R I T E ( 1 3 ) ( A W ( J ) , J = 1 , J 7 )
DO 47 I = 1 , L P A N E L
R E A D (12 ) ( A W ( J ) , J = 1 , J 7 )







R E W I N D Q 3 .
. . R EWINO QA :






51 WRITE (01) (AW(J),J=1/L1)
DO 52 I=1xLTOTAL
READ (13) (AU(JJ*J«1>LTOTA'LJ
52 W R I T E ( 0 3 ) ( A W ( J ) , J = 1 , L T O T A L )
DO 54 I = 1 , L T O T A L
R E A D (13) ( A W C J ) , J = 1 , L T O T A L )
5 4 W R I T E ( 0 9 ) ( A W ( J ) * J = 1 , L T O T A L )
DO 55 I *1,LPANEL
R E A D (13) ( A W ( J ) * J = 1 * L P A N E L )
5 5 W R I T E ( 1 0 ) ( A W ( J ) , J = 1 , L P A N E L )
DO 56 I=1 / -LPANEL
R E A D (13) < A U ( J > s J s l , j 7 >
5 6 W R I T E ( 1 1 ) ( A W ( J ) , J = 1 * J 7 )
DC 57 I=1,LPANEL
R E A D (13) ( A U ( J),J-1, J 7)
5 7 W R I T E (12) ( A W ( J ) , J = 1 , J 7 )
100 C O N T I N U E
R E W I N D 0 4
R E W I N D 11
DO 25 1 = 1,LPAN EL
R E A D (11) ( A W ( K ) , K = 1 * J 7 )
W R I T E ( 0 4 ) ( A W ( K 3 / K = J P A N E L + 1 / J 7 )




IF (NCON .LE. ICASE) GO TO 98
IF ( N C O N .GT. I C A S E ) GC TO 5
IF (NG .£Q. 1) GO TO 2C
5 C O N T I N U E
 :
S T O P
END
$ • ' . ' . F O R T Y
$ L IMITS ^27K
$ INCODE I8MF
SUBROUTINE S T R E A M ( A L P H A ^ V M U / I * IPHI*LPANEL/TEMP,LPAN1,LPAN2, ISYMt
1 < C O D E ^ E X I T / M J , I N D E X / B A )
C TO C O M P U T E THE R IGHT HJND SIDE OF THE S I M U L T A N E O U S E Q U A T I O N S
D I M E N S I O N P H I N ( 3 C O ) / 3 A (1 )
 :
C O M M O N / A E R O / AM 1 / AM2 x 61 »B2/. C L ( 30 ) / C T ( 30) / C D ( 30 > / G AM( 2x 1 00 )
73
02^18-78 02.177 ,.
C O M M O N / C O N S T / N C S , N C W / M 1 ( 8 ) / N S J , N C J C 5 ) , L A S T , M J W 1 ( 3 , 5 ) / M J W 2 ( 3 , 5 ) * J
1 P A N E L * M J J (5) , N W ( 3 ) ,\'NJ ,NJP
C O M M O N / P A R A M / A L P T , AL PC / A L P S / C OF / SO F, TH/ TD F
C O M M O N / G E O M / H ALF SW/ X CP (2 00) , YCP (200) ', ZCP ( 200 ) ,XLE ( 5 Q ) ,Y L E ( 50 ) ,X T
1E ( 5 0 ) , P S I ( 2 0 ) , C H ( 9 5 ) , X V ( 2 0 0 ) , Y V ( 1 0 0 ) ^ S N < 8/8 ) /XN( 200* 2 ) > Y.N ( 200* 2) ,
3 9 5 , 2 ) / S C ( 1 60*5 ) ,SI ( 160*5 ) ,LC( 3)
COMMON / S C H E M E / C ( 2 ) / X < 1 0 , 4 1 ) , Y ( 1 0 * 4 1 ) , S L O P E ( 1 5 ) / X L ( 2 / 1 5 ) , X T T ( 4 ' | ) ,
1 X L L ( A 1 )
E Q U I V A L E N C E ( X ( 1 /1 ) ,PH IN ( 1 ) )
PI=3. 1 4 1 5 9 2 6 5
I U S 8 = Y C O N ( 2 4 )
Z J E T = Y C O N ( 2 5 )
N1=NNJ-1




IF (NNJ .EQ.1 ) N1=1
N J H = ( N S J + 1 ) / 2+1
IF ( I S Y M .EQ. 0) N J H = N S J / 2
NP=NJH-1
IF ( I S Y M .EQ. 0) NP=NJH
A L P H A = 0 .
IF (I .GT. L P A N E L ) GO TO 1
GO TO 5
I F ( I .GT. L A S T ) GO TO 10
I F ( E X I T .LE. C.001 ) GC TO 2
I F (NNJ .EQ. 1 ) GO TO 2
IF (I .LE. MJJd) . A N D . I . NE . MJ
C O N T I N U E
A L P H A = A L P T * Y ( 3 , I P H ! )*( 1.-VMU)
IF (TH .LE . 0. 001) GO TO 3
IF (IPHI .EQ. NJH) GO TO 3
IF ( I S Y . M .NE. 0 .AND. IPHI .EQ. 1
IF ( N N J . E Q . 1 .AND. I. GT. LPANEL) A
IF (NNJ .NE.1 .AND. I . G T. M J J (N1 ) )
C O N T INUE
IF ( A 8 S ( 3 1 - a 2 ) .LE. O .C01 ) GO TO
C A L L N O R S P D ( I , ALPH/L P ANEL^ IPH I ,L
A L P H A = A L P H A + A L P H
I F ( K C O D E .EQ. 0) GO TO 5
IF ( E X I T .LE. 0.001 ) GC TO 29
I F ( N N J . E Q . 1 ) GO TO 29
IF (I .LE. MJJd) .AND. I .EQ. MJ
I F ( IPHI ,EQ. NJH) GO TO 5
IF ( I S Y M .NE. 0 .AND. I'PHI .EQ. \
IF ( IUSB .EQ. 1 .AND. Z J E T .GT. 0
IF ( C D F .LT. O .OC01) GC TO 5
IF (NNJ .EQ. 1 ) GO TO 12
IF (I .LE. M J J ( N D ) GO TO 5
IF (IPHI .LT. NJH) IL= IPHI+ ISYM
IF (IPHI .GT. NJH) IL=IPHI-NJH + IS
) GO TO 5
) GO TO 3
L P H A = A L P H A + C D F * d .-VMU)
A L P H A = A L P H A + C D F * ( 1 . - V M U )
28
PAN1 , L P A N 2 / I N D E X , B A )
) A L P H A = A L P H A / 2 .
) GO TO 5





IF (NNJ.NE.1) M J N 1 = M J J ( N 1 )
FNNJ=NCJ(NNJ)
OISTJsSDF
 ; ' ' '
DLX=DISTJ*G.5*PI/FNNJ . . .-
SZX=-(1.-VMU)
IQ=(IL-1)*NCJ(NNJ)
IF (NNJ .E3. 1) IP=LPANEL+IQ+1
IF (NNJ .NE. 1) IP = MJ J (ND-+IQ + 1
DO 6 J J = 1 / M F
IF (JJ .EQ. MF) GO TO 7
D X T H = D L X * P S I ( J J ) * T E M P * V M U * V M U / T H
GO TO 3
7 D X T H = D L X * P S I ( J J ) * T E M P * C . 5 * V M U * V M U / T H
8 JK1=IP+JJ
JK2=J<1 -1






I f (INDEX.EQ.1 ) GO TO 62
GO TO 63





I F ( K C O D E .EQ. 0) GO TO 30
IF ( E X I T .LE. 0.01) GO TO 4
IF (NNJ .EQ. 1) GO TO 4
IF (IJ .GT. LPANEL .AND. IJ .LE. MJJ(U) GO TO 5
4 C O N T I N U E
IF ( IUSt3 .EQ. 1 .AND. Z J E T .GT. 0.01) GO TO 30
I F (NNJ .EQ. 1 ) GO TO 20
IF ( IJ .GT. M J J ( N D ) GC TO 30
I F (IPHI .LE. NJH) GO TO 30
L l = N J H
IF ( I S Y M .EQ. 0) L1=NJH+1
. I F ( N W ( 2 ) .EQ. 0) GO TC 70
IF ( N W ( 3 J .EQ. 0) GO TO 71
IF (IJ .GT. M J J ( N 2 ) ) GO TO 32
IF ( IJ .GT. M J J C N 3 ) ) GO TO 34
IF (NNJ .EQ. 4) GO TO 33
IF (NNJ . EQ. 5 .AND. IJ .GT. MJJ (NNJ-4 )> . GO TO 33
GO TO 30
71 IF (IJ ..ST. MJJ(N2)) GC TO 34
IF (NNJ .EQ. 3) GO TO 23




70 IF ( NNJ .EQ. 2) GO TO 33



















00 42 L = UKNW
LL=K1+L
IF (L .EQ. KK) GO TO 42
AA = AA*(XCP(IJ)-XV(LL-> ) /(XV(KL)-XV(LL) )
42 CONTINUE
1 F (INDEX.EQ.1 ) GO TO 65
ALPHA1=ALPHA1+AA*GAM<1 /KL)
IF (ABS(Bl-82) .LE. O.C01) GO TO 40
A L P H A 2 * A L P H A 2 + A A * G A M < 2 / K L >
GO TO 40
65 8 A ( K L ) = A A * ( 1 . - T E M P * V M U * V M U J * 0 . 5
40 C O N T I N U E
IF ( A B S O 1 - B 2 ) .LE. O . C 0 1 ) AL PH A2 = ALP H A1
A L P H A = ( A L P H A 2 - T E M P * V M U * V M U * A L P H A 1 ) * 0 . 5
GO TO 5
30 CONTINUE
C A U L SPEED <VMU*I,ALPHA,LPANEL,TEMP/-LPAN1,LPAN2,PHIS/IPHI,ISYM,
1INDEX/8A)
IF (KCOOE .EQ. 0) GO TC 5
IF (COF ,LT. 0.0001) GC TO 5
IF (NNJ .EQ. 1 ) GO TO 39
I F ( IJ .LE. MJ J (N1 ) ) GC TO 5
39 PHIN(IJ)=PHIS
5 CONTINUE
5 0 F O R M A T ( 6 ( 6 X , I 4 ) >
R E T U R N
END
$ - F O R T Y
$ L IMITS / 2 7 K
$ I N C O D E IBMF
76
02-18-78 02.177
S U B R O U T I N E SPEE 0 (VMU* I , ALPHA, LPANEL* T EMP, LPANl , LPAN2* PH I S / I PH I ,-
1 I S Y M , INDEX, 8A)
C TO COMPUTE THE I N D U C E D T A N G E N T I A L V E L O C I T I E S DUE TO W I N G A L O N E
C V O R T I C E S
D I M E N S I O N S U < 1 0 0 ) , B A < 1 )
C O M M O N / A E R O / AM1 , AM2 > E1 ,3 2 *C L ( 30> /C T ( 30) , C D ( 30 )x G A M ( 2*1 00 )
COMMON / C O N S T / NCS ,NC W ,M1 ( 8) t MS J> NCJ ( 5 ) >L AST ,M J Ul < 3^5 ) > MJ W2( 3 * 5 ) ^  J
- -1 -PANEL/MJJ ( 5 ) x N W ( 3 ) /NNJ /NJP -
COMMON / G E O M / H A L F S W * X C P ( 2 0 0 ) x Y C P ( 2 0 0 ) v Z C P ( 2 0 0 ) ^ X L E ( 5 0 ) * Y L E < 5 0 ) * X T
2 Z N .
395/.2)^SC(160x5)*SI ( 1 60^5) / LC C 3 )





Z J E T = Y C O N < 2 5 )
I I = I - J P A N E L
86 = B1
I C = 1




N L = N W ( 1 ) _
N>» = N W < 1 )
B=0.
DO 1 J = 1 ^ L PAN EL
I F ( I N D E X . E Q . 1 ) B A ( J ) = C . O
J J = J - M M
FN = NL
I F ( J ,GT. LPAN1 .AND. J .LE. L P A N 2 ) ISN=2
IF (J .GT. L P A N 2 .AND. J .LE. LPANEL) I SN=3
IF (J ,GE. L P A N 1 .AND. J .LT. L P A N E L ) GO TO 20
G C T 0 2 1
2 0 N L = N W ( 2 )
IF (J .CiE. L P A N 2 .AND. J .LT. L P A N E L ) NL = N W ( 3 )
2 1 C O N T I N U E
X 1 = X N ( J / 1 ) - X C P ( I I )
X 2 = X N ( J / 2 ) - X C P ( I I )
X 1 2 = X N ( J ^ 2 ) - X N ( J / 1 )
Y12 = YN( J / 2 ) - Y N ( J/1 )
Z 1 = - Z C P ( I I )
Z 2 = - Z C P ( I I )
Z 1 2 = 0 .
XZJ = - Z 1 * X 1 2
DO 2 K=1 /2
I F « .EQ. 1 ) GO TO 3
N s 1 . ' - . ' . • ' • ' ' . • • • - . • . • - '
GO TO C -
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3 N=2 ' •
4 C O N T I N U E
Y C«(-1. ) * * N * Y C P ( II)
Y 1 = Y N ( J , 1 ) - Y C
Y2 = Y N ( J , 2 ) -YC
X Y K = X 1 * Y 1 2 - Y 1 * X 1 2
Y Z I = - Z 1 * Y 1 2
AL81 = X Y K * X Y K + X 2 J * X Z J + B E * Y Z I * Y Z I
R 1 8 1 = S Q R T ( X1 * X 1 + B B * Y 1 * Y 1 + B B * Z 1 * Z 1 )
R 2 B 1 = S Q R T ( X 2 * X 2 + 8 3 * Y 2 * Y 2 + B B * Z 2 * Z 2 )
U U 8 1 = ( X 2 * X 1 2 + B B * Y 2 * Y 1 2 * B 8 * Z 2 * Z 1 2 ) / R 2 B l - ( X l * X 1 2 + 8 B * Y l * Y l 2 + B B * Z 1 * Z l 2
1 ) / R 1 8.1
F1sUU81*YZ I / A L B 1
S U M = F 1 * C H ( I Z ) * S N ( J J , I S N ) * G A M ( I C * J ) / F N
IF (K .EU. 1) S U ( J ) = F 1 * C H ( I Z ) * S N ( J J , I S N ) / F N
IF ( I N D E X . EQ.1 ) GO TO 54
GO TO 56




I F < J .LT. NM) GO TO 1
IZ=I2+1










































I S Y M
IPHI

























0) N J H = N S J / 2
NJH) GO TO 30
C .AND. IPHI
1 ) GO TO 30















. 0 .AND. NW(
. 0) NZ=3
3 .AND. N W ( 2 )
3 .AND. N U ( 2 )
4 .AND. N W ( 3 )















































i GO TO 30
U=NJH + 1
Z = 2
D 0 4 1 M P = 1 , N Z
K1-MJW1 (MP/NJP)-KIPHI-L1- ISYM) *NW
K 2 = 4 C ( M P ) + IPHI-L1-ISYM
3 5 C O N T I N U E
K 1 = K 1 - K N , W




I F (K1 ..GE. 0) GC TO 4C
K1=K1 + KN*
K 2 = K 2 + 1
MR = 2
40 00 42 NR = 1 /MR
SUM=0. . . -
00 36 KK = 1 , K N W
K L = K 1 + K K
36 SUM=SUM+SU(KL )
C A L L INTEG ( R E S / K N W / K 1
 f<2r I Ix BB,l R)
CORN=0.
DO 37 KK = 1 /.KNW
DO 33 L=1*KNW
LL=K1+L
I F (L .EQ. KK) GO TO 38
A A = A A * ( X C P ( I I ) - X V ( L L ) ) / ( X V ( K L ) - X V ( L L ) >
38 C O N T I N U E
I F ( I N D E X . EQ.1 > GO TO 58
GO TO 59
58 8 A ( K L ) = 3 A « L ) - AA:*SUM+ A A * R E S*8.
GO TO 37
59 C O R N = C O R N + A A * G A M ( I C / K L > .
37 C O N T I N U E
8 = e - C O R N * S U M - K O R N * R E S * g .
K 1 = K 1 + K N W .
K 2 = K 2 + 1
4.2 C O N T I N U E
IR=IR+1
41 C O N T I N U E
30 C O N T I N U E
I F ( I N D E X .EQ. 1) GO TC 65
GO TO 63
65 C O N T I N U E
00 60 M=1 vLPANEL .
9 A ( M ) = d A ( M ) * ( 1 . -TEMP*VMU*VMU, ) /8 .
60 C O N T I N U E
68 C O N T I N U E
1 F (1C .EQ. 2) GC TO 8
A L P H A 1 = B / S .
I C = IC-H
8E = B2
IF ( A B S ( B 1 - B 2 ) .LE. O . C Q 1 ) GO TO 7
G 0 T 0 1 0
3 ALPHA2=8 /8 .
GO TO 6
7 A L P H A 2 = A L P H A 1
6 A L P H A = A L P H A 2 - T E M P * V N U * V M U * A L P H A 1
P H I S = A L P H A 2
1QO F O R M A T (6( F11 . 5) )
79
02-13-78 02.177
1 1 0 F O R M A T ( 6 ( 5 X , I 5 ) )
R E T U R N
END .
$ F O R T Y
$ INCODE I8MF
S U B R O U T I N E N O R S P D < I> A LPH, LPA NEL* I PH I ,LP AN1 *LP AN2 *I NO EX /BA )
C TO C O M P U T E THE I N D U C E D N O R M A L V E L O C I T I ES DUE TO WIN.G ALONE
C V O R T I C E S
DIMENSION B A ( 1 )
COMMON /AERO/ AM1 , AM2 / E1 ,B2*CL ( 30 ) *C T ( 30) , C D ( 30), GAM( 2, 1 00 )
COMMON /CONST/ NCS*NCU*M1{8)*NSJ*NCJ<5)*LAST*NJW1 (3 *5 ) *MJ W2 ( 3* 5 )* J
1PANEL/MJ J (5>*NW(3) /NNJ ,NJP
. COMMON /GEOM/ H ALF SW/ X CP (2 00) / Y CP < 200) /Z CP ( 200 ) /X LE ( 5 0 ) * Y LE (5 0 ) ,X T
1E(50)»PSI(20)/CH(95)/XV(200)/YV(100)*SN( 8/8 )/ XN( 200/2) *YN ( 200* 2> /































































L P A N 2 ) ISN=2
LPANED ISN=3
LPANED GO TO 10
  
10 N L = N W ( 2 )
IF (J .GE. L P A N 2 . A N D . J ,LT. LPANED N L = N W ( 3 )
11 C O N T I N U E
X 1 = X N C J /1 ) - X C P ( I )
X2 = X N ( J / 2 ) - X C P ( I)
X 1 2 = X N ( J * 2 ) - X N ( J /1 )
Y12 = YN( J /2 ) - Y N ( J / 1 )
Z 1 2 = 0 .
z i a - z c p ( i )
Z 2 = - Z C P ( I )
X Z J = X 1 * Z 1 2 - Z 1 * X 1 2
DO 2 K=1 ,2




4 C O N T I N U E
80
02-13-78 02.177
YC = <-1 .) **N*YCP< I)
Y 1=YN(J,1).-YC
Y2=YN(J,2)-YC
X YK=X1*Y12-Y1* X1 2
YZI=Y1*Z12-Z1* Y1 2 -
ALB1=XYK*X YK+XZJ*XZJ+B1*YZI*YZI , ..
R 1 8 1 = S Q R T < X 1 * X 1 + B 1 *Y1 *Y1 +81 *Z1 *Z1 )
R 2 B 1 = S Q R T ( X 2 * X 2 + 8 1 * Y 2 * Y 2 + B 1 * Z 2 * Z 2 >
U U 8 1 = ( X 2 * X 1 2 + B 1 * Y 2 * Y 1 2 + 8 1 * Z 2 * Z 1 2 ) / R 2 B 1 - ( X 1 * X 1 2 + B 1 * Y 1 * Y 1 2 + B 1 * Z 1 * Z 1 2
1) /R131
G 1 = < 1 . - X 1 / R 1 8 1 ) / ( Y 1 * Y 1 + Z 1 * Z 1 )
G2 = <1 . - X 2 / R 2 B 1 ) / ( Y 2 * Y 2 + Z 2 * Z 2 >
A L 8 2 = X Y K * X Y K + X Z J * X Z J + 8 2 * Y Z I * Y Z I
R1B2 = S Q R T < X 1 * X 1 + B 2 * Y 1 * Y 1 + B 2 * Z 1 *Z1 >
R 2 B 2 = S Q R T ( X 2 * X 2 + 8 2 * Y 2 * Y 2 + B 2 * Z 2 * 2 2 )
U U 8 2 = ( X 2 * X 1 2 + 8 2 * Y 2 * Y 1 2 + 8 2 * Z 2 * Z 1 2 ) / R 2 B 2 - ( X 1 * X 1 2 + B 2 * Y 1 * Y 1 2 + 3 2 * Z 1 * Z 1 2
D / R 1 3 2
G 3 = ( 1 . - X 1 / R 1 B 2 ) / ( Y 1 * Y 1 + Z 1 * Z 1 )
G 4 = ( 1 . - X 2 / R 2 B 2 ) / ( Y 2 * Y 2 + Z 2 * Z 2 >
F13=UU81 *XZJ/AL81
F 12«UUB1 *X YK/ALB1
G13=Z2*G2-Z1*G1
G12=-Y2*G2+Y1 *G1
f 2 3 = U U B 2 * X Z J / A L B 2
F22=UU82*X Y K / A L B 2
G 2 3 = Z 2 * G ^ - Z 1 * G 3
G 2 2 = - Y 2 * « A + Y 1 * G 3
F 1=-F1 3 * Y ( 4 / IPH I ) * ( -1 . ) * * N + F 1 2 * Y ( 3 , I P H I )
F 2 = G 1 3 * Y ( 4 ^ I P H I ) * ( - 1 . ) * * N + G 1 2 * Y <3* IPHI )
F3 = - F 2 3 * Y ( 4 , I P H I )* (-1 . )**N + F 2 2 * Y ( 3y IPH I)
F4 = G23*Y(4,rIPHI) *(-1 . ) **N+G22*Y (3/IPHI )
7 CONTINUE
IF ( I N D E X . EQ.1 ) GO TO S
A 1 = A 1 + ( F 1 + F 2 ) * C H ( I Z ) * S N C J J / I S N ) * G A M ( 1 , J ) / F N
A 2 = A 2 + ( F 3 + F 4 ) * C H ( I Z ) * S N ( J J y I S N ) *G AM ( 2 / J ) / FN
GO TO 2
8 B A C J ) = 3 A ( J > + (Fl * F 2 . - F 3 . - F 4 ) * C H ( I Z ) * S N < J J ^  I SN> / ( FN *8 . )
2 C O N T I N U E








SUBROUTINE VMSEQN '(NCI *K /AA* A/ C A)







0 0 3 Js1>Kl . . ' " '
SUM1 =SUM1+AA( J ) *A( JJ)
J J=J J + N C 1 + 1
SUM1 = S U M H - A A ( K )
00 5 1=1, NC1
SUM2=0 .
J J = I+1
00 4 J = 1 ,< 1
SUM2 = S U M 2 + A A ( J . ) * A ( JJ)
J J=J J + N C 1 + 1
KK=K+I
S U M 2 = S U M 2 + A A ( K K )
C A ( I ) = - S U M 2 / S U M l
M = 1
L=0
K N C = ( K - 1 ) * N C 1
DO 8 1=1 ,NC
1 F ( I . G T . K N C ) GO TO 7
MK=(M-1 ) * N C 1 + 1
I F ( I . E Q . H M ) GO TO 9
A ( I > = C A ( K K > * B A S E + A < ID
GO TO 3
I I = I - K N C
A ( I ) = C A ( I I ) •
C O N T I N U E
GO TO 10
I I = MM + M-1
3 A S E = A( I I )
GO TO 6
10 C O N T I N U E
R E T U R N .
END
$ F O R T Y
$ I N C O D E IBMF
S U B R O U T I N E I N T E G ( F, NN ,L J / I 2 / I J ,3, I R)
C O M M O N / G E O M / H A L F S - W * X CP (200) * YCP ( 200) * Z C P ( 2 0 0 ) /X1E.( 50) / Y L E ( 50) *X T
1 E ( 5 0 ) / P S I ( 2 0 ) , C H ( 9 5 ) , X V ( 2 0 0 > , Y V ( 1 0 0 ) / S N ( 8,8 ) , XN( 200/ '.2) , r N< 200 /• 2) /
= 2 ZN( 2 0 0 / 2 ) / W I D T H ( 8 ) / Y C O N ( 2 5 ) , S W E E - P ( 5 0 ) , H A L F B / S J (2 1 / 8) ,E X ( 95, 2 ) , TX (
3 9 5 / 2 ) / S C ( 1 6 0 / 5 ) < r S I ( l 6 0 / 5 ) / L C ( 3 )
PI=3. 1 4 1 5 9 2 6 5
J=LJ+1
J J = N N * 1 6
I F (NN .GT . 6) J J = NN*8
82
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F J = JJ
C 1 = T X ( I Z / 1 ) -EX ( I Z / 1 )
C 2 = T X ( I Z / 2 ) - E X ( I Z / 2 )
SUM=0.
0 0 1 K = 1
 f J J
X X 1 = E X ( I Z » 1 ) + C 1 * S C ( K . / I R ) ' • - . : •
X X 2 = E X ( I Z / 2 ) + C 2 * S C ( K ' / I R )
X 1 = X X 1 - X C P ( I J )
X 2 = X X 2 - X C P ( I J )
Y 1 = Y N ( J / 1 ) - Y C P ( I J ) •
Y 2 = Y N ( J , 2 ) - Y C P ( I J )
Z 1 = Z N ( J , 1 ) - Z C P ( IJ )
Z 2 = Z N ( J , 2 ) - Z C P ( I J )
X 1 2 = X X 2 - X X 1
Y12 = Y N ( J / 2 ) -YN( J/1)
Z12 = Z N ( J / 2 ) - Z N ( J/1 )
Y Z I = Y 1 * Z 1 2 - Z 1 * Y 1 2
X Y K = X 1 * Y 1 2 - Y 1 * X 1 2
X Z J = X 1 * Z 1 2 - Z 1 * X 1 2
- A L 8 = X Y K * ' X Y K + X Z J * X Z J + 8* Y Z I * YZI
R 1 = S Q R T ( X 1 * X 1 + B * Y 1 * Y 1 + B * Z 1 " * Z 1 . )
R 2 = S Q R t ( . X 2 * X 2 + 8 * Y 2 * Y 2 + B * Z 2 * Z 2 )
U U = ( X 2 * X 1 2 + 3 * Y 2 * Y 1 2 + B * Z 2 * Z 1 2 ) / R 2 - ( X l * X l 2 t B * Y l * Y 1 2 + 8 * Z T * Z 1 2 ) / R l
1 SUM = SUM + U U * Y Z I / A L 8 * S I ( K / I R - )
F = S U M * C H ( I Z ) / C 8 . * F J )
, R E T U R N
END
$ F O R T Y
S I N C O D E I8MF
S U B R O U T I N E I N V R C X ( T H E T A I / B O N O N / A A , I P A N E L ^ B I G C X , A K / 1 C W / C X )
C F IND T H E I N V E R S E T R A N S F O R M A T I O N M A T R I X
D I M E N S I O N T H E T A I ( 1 ) , 8 0 N D N ( 1 ) , A A < 1 ) / 8 I G C X ( I P A N E L / 1 )
D I M E N S I O N A K ( 1 ) , C X < I C W / 1 )
C O M M O N / A D D / C P ( 1 0 0 ) / C K ( 3 0 ) / B R E A K (8) / S U P (8*1 5) * G A L ( 30 ) / I S Y M ' ^ V M U / V U
1 , T E M P , F C ' R / C A M L E R * C A M L E T , C A N T E R / C A M T - E T , X J , Y J / Z J , R J , A L P * C R E F , T W I S T R ' .
C O M M O N / C L O P E / D Z D X K d 0 0 ) ^ A L P A O ( 1 5 ) / G C B ( 1 0 0 ) / G C B X C 1 0 0 ) ^ T H E T A K (10).
1 / C C X ( 1 0 0 ) ^ C Z D X K ( 1 0 0 ) / G A N ( 2 / 1 0 0 )
C O M M O N / C O N S T / N C S / N C W x M 1 ( 8 ) * N S J * N C J ( 5 ) * L A S T / M J W l ( 3 x 5 ) / M J W 2 ( 3 / 5 ) ^ J
1 P A N E L / M J J ( 5 ) > N W ( 3 ) ^ N N J /NJP
C O M M O N / G E O M / H A L F S W / X C P ( 2 0 0 ) / Y C P ( 2 0 0 ) / Z C P ( 2 0 0 ) / X L E ( 5 0 ) / Y L E ( 5 0 ) / X T
1 E ( 5 0 ) / P S I ( 2 0 ) / C H ( 9 5 ) / X V ( 2 0 0 ) v Y V ( 1 0 0 ) - / S N ( 8 / 8 ) / XN( 200^ 2) * YN ( 20 O/ 2) /
2 Z N ( 2 0 0 / 2 ) / W I D T H ( 3 ) / Y C C N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B / S J ( 2 1 / 8 ) / E X ( 9 5 * 2 ) / T X (
3 9 5 / 2 ) / S C ( 1 6 0 / 5 ) / S I ( 1 6 0 / 5 ) / L C ( 3 )
C O M M O N / C O S T / I T O T A L / L F A N T / N J U ( 5 ) / L P A N E L / I E N T N ^ L P A N 2 / E X I T / P T I A L / T W
1 I S T / D ' F ( 5 ) / N F P
P I = 3 . 1 4 1 5 9 2 6 5
' 1=1 - . ' ' . '
1 SM=1
I S N = 1 '
I FF = 1
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, V N = N W ( I S N )
M A X = C M 1 ( I S M ) - 1 ) * N W ( I S N )
D O 1 5 J = 1 x L P A N E L
M I = J - I F F + 1
ML = M 1 ( I S M )
N L = N W < I S N ) . :
FML=ML
FNL=NL
* G C B X (J) = - C H ( I ) * W I D T H ( I S M ) * X V < J,) /( F NL *.F ML* CR E F ) * SN < M I * I SN.) * S J (MJ /IS
1 M >
G C B ( J ) = C H ( I ) * W I D T H ( I S M ) / ( F N L * F M L ) * S N < M I , I S N ) * S J ( M J , I S M )
IF (J .IT. NN .OR. J ,EQ. L P A N E L ) GO TO 15
1=1 + 1
IFF=NN+1
IF (J .EG. L P A N 1 .OR. J .EQ. L P A N 2 ) ISN=ISN-H
; N N = N N + N W ( I S N )
M J = M J + 1
IF (MJ .EQ, MKISM) ) MJ = 1
IF ( J . L T . W A X ) GO TO 15
ISMs ISM+1
IF (J .EGl. L P A N 1 .OR. J .EQ. L P A N 2 ) ISM=1
^1 AX = M A X + (M1.(ISM)-1 ) * N W U S N )
15 C O N T I N U E
N W 2 = N W ( 1 ) + N W ( 2 )
I F ( N W < 2 ) . E Q . O ) G O T O 6 2
I 1 = 1 - t - N C S
IF ( N W ( 3 ) . N E , 0 ) GO TO 69
C H O R O = C H ( 1 ) + C H (I I)
X X 1 = C H ( 1 ) / C H O R 0
T H E T A 1 = A R C O S ( 1 , - 2 . *XX1 )
T H E T A 2 = P I
GO TO 63
6 9 I I I S I I + M C S
CHORO = CH(1 )+CH(II)+CH(III)
X X 1 = C H ( 1 ) / C H O R D
T H E T A 1 = A R C O S ( 1 . - 2 . * X X 1 ) .
X X 2 = ( C H ( 1 ) + C H ( I I ) ) / C H O R D
T H E T A 2 = A R C O S C 1 . - 2 . * X X 2 )
GO TO 63
62 C H O R D = C H < 1 )
63 C O N T I N U E
0 0 6 1 J = 1 / N C W
IF ( N W ( 2 ) . E Q . O ) GO TO 64
IF ( J . L E . N W ( D ) GO TO 6A
IF ( J . G T . N W 2 ) GO TO 59
LL=LPAN1+J-NW(1) • . ' . "
GO TO 65
59 L L = L P A N 2 + J - N W 2
GO TO 65
64 LL=J
6 5 C O N T I N U E
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X CK= (X V ( LL) -XL E ( 1))/ C H O R D
X C I = ( X C P < L L ) - X L E ( 1 O ) / C H O R D
T H E T A I ( J )= A R C O S d . -2 . *XCI )
T H E T A K C J ) = A R C O S < 1 . - 2 . * X C K )
61 C O N T I N U E
DO 13 K = 1 , N C W
D 0 1 3 J = T , N C W
F M = N C W
C X < K , J ) = 1 . / F M * ( - 1 . ) * * ( K + J ) * S I N < T H E T A K ( J ) ) / ( C O S ( T H E T A K ( J ) ) - C O S < T H E T
1 A K K ) ) )
13 C O N T I N U E
C A L L S E T D I M ( C X / I C A y I C A )
C A L L HEMINV ( C X* 1C A , B O N D N )
C S T O R E THE I N T E R P O L A T I O N M A T R I X IN THE COMMON B L O C K C C X ( I )
DO 1 3 1=1, NCW
DO 18 J = ' 1 * N C W
IK=( 1-1 ) * N C W + J
18 C C X ( I K ) = C X <I,J )
R E T U R N
END
$ LINK L INK1 1
$ F O R T Y
$ L IMITS ,31K
$ I N C O D E I8MF
S U B R O U T I N E G E O M T Y ( K C O D E)
C TC SET UP THE G E O M E T R Y OF THE V O R T E X E L E M E N T S AND C O N T R O L P O I N T S
D I M E N S I O N X X L ( 5 ) / Y L ( 5 ) , X X T <5> , Z L < 5 > s C P C U L (31 > « CPSUL (51 )
C O M M O N / A E R O / AM 1 / AM2 , E1 ,82, C L ( 30 ) ,C T ( 30 ) / C D ( 30 )/ G AM< 2, 1 00 )
C O M M O N / A D O / C P ( 1 0 0 ) / C W ( 3 0 ) , B R E A K ( 8 ) / S W P ( 8 / 1 5 ) / G A L ( 3 0 ) * I S Y M ^ V M U / V U
C OMMON / C O N S T / N C S v N C W * M 1 ( 8 ) * N S J / N C J < 5 ) * L A S T , M J W l ( 3 * 5 > /MJ W2 (3 / 5.)r J
1 P A N E L / M J J ( 5 ) * N W ( 3 > /NNJ /NJP
C O M M O N / C O S T / L T C T A L ^ L P A N l x . N J W ( 5 ) / L P A N E L / I E N T N , L P A N 2 x E X I T / P T I A L / T W
11 S T ^ D F ( S ) / N F P
C O M M O N / P A R A M / ALPT, A L PC/ A L P S , C DF ,SD F , TH/ TDF
C O M M O N / G E C M / H A L F S W / X C P ( 2 0 0 ) / Y C P ( 2 0 0 ) / Z C P ( 2 0 0 ) * X L E ( 5 Q ) , Y L E ( 5 0 ) / X T
1E (50) /PS I < 2 0 > , C H < 9 5 ) , X \ / ( 2 0 0 ; , Y V < 1 0 0 ) / S N ( 8/8 )*X N( 2 DO/ 2) ,YN ( 200 x 2) /
2 . Z N ( 2 0 0 * 2 ) / W I O T H ( 8 3 / Y C C . N < 2 5 ) / S U E E P < 5 0 ) * H A L F B > S J < 2 1 * 8 ) * E X < 9 5 * 2 ) / T X (
3 9 5 / 2 ) / S C ( 1 6 0 / 5 ) / S I ( 1 60 *5 ) xLC ( 3)
C O M M O N / S C H E M E / C ( 2 > / X (1 0, A 1 ) / Y <1 0 *41 ) , S L O P E < 1 5 ) /XL (2 ,1 5 ) / XTT ( A 1 ) /
1XLL (41 )
1 F O R M A T <3< I 4 / 6 X ) )
2 F O R M A T <8< F10 .5 ) )
3 F O R M A T ( 8 ( 6 X ^ 1 4 ) ) . . ; • • ' .
4 F O R M A T ( 1 0 X / 8 H H A L F SW = /E1 2. 5 * 1 OX/ 5 HC R E F = / E1 2 . 5 )
5 F O R M A T (6< F10..5)) •
6 F O R M A T ( 2 ( 6 X ^ 1 4 ) , 7F10. 5)
3 F O R M A T ( 1 3 H C A S E NUMBER =x I2 )
4 0 0 F O R M A T < 1HQ,10HINPUT D A T A )




403 FORMATC1HO,36HVORTEX ELEMENT ENDPOINT COORD I NATES = )
610 FORMAT (THO,IX1',3X,IX2I,8X,'Y1',8X,'Y2',8X,IZ1I,8X,'Z2I,,8X)
404 F O R M A T ( 1 H O , 2 6 H C O N T R O L PO IN T C O O R D I NAT E S = )
620 F O R M A T ( 1fl O/ ' X C P ' , 7X , • YCP ' ,7X , ' ZC P ' , 7X , ' X CP ' , 7 X , • Y C P ' ,7 X, ' ZCP ' )
4 0 5 F O R M A T ( 1 H Q , 4 2 H W A R N I N G . T H E E Q U I V A L E N T J E T M A C H NUMBER IS,F10.5,41H
11T HAS B E E N SET TO 0.9 IN THE C O M P U T A T I O N ) ,
2 9 F O R M A T ( 1 H Q , 4 6 H T H E E Q U I V A L E N T J E T P R O P E R T I E S A R E E V A L U A T E D A T / M O .
*5 )
3 0 F O R M A T ( 1 H O / 2 8 H T H E E Q U I V A L E N T . J E T R A D I U S IS,F10.5)
3 6 F O R M A T ( / 2 0 X , 5 0 H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X )
3 2 F O R M A T ( 1 H O , 4 9 H T H E V E L O C I T Y R A T I O O F T H E E Q U I V A L E N T J E T , V O / V J , I S , F
*1C.5 )
37 F O R M A T ( / 2 0 X , 4 6 H T H E JET HAS NOT W A S H E D THE WING. AN E Q U I V A L E N T / 2 OX,
1 4 3 H C I R C U L A R J E T I S U S E D F O R I N T E R A C T I O N C O M P U T A T I O N )
3 8 F C R i v I A T ( / 2 0 X , 5 1 HTHE J E T H A S W A S H E D T H E WING. A R E C T A N G U L A R J E T W I T H
1 / 2 0 X , 4 2 H L A T E R A L E X T E N T E Q U A L T O T H E E Q U I V A L E N T J E T / 2 0 X , 4 4 H D I A M E T E R
2 IS U S E D FOR I N T E R A C T I O N C O M P U T A T I O N )
39 F O R M A T ( / 2 0 X , 5 1 H N O T E . C H E C K W H E T H E R THE W I N G IS I M M E R S E D IN THE JET
1)




I P A N E L = 1
R T = 0 . 0
DO 28 1=1,5
23 D F ( I ) = 0 .
C
C * * * M A C H N U M B E R S O F F R E E S T R E A M A N D J E T F L O W , F R E E S T R E A M / J E T V E L O C I T Y
C R A T I O , J E T / F R E E S T R E A M T E M P E R A T U R E R A T I O , A N G L E OF A T T A C K IN DEGREE. ,
C W I N G L.E. A N D T .E. X - C O O R D I N A T E S A T T H E J E T A X I S L O C A T I O N * * *
R E A D (5 ,2) A M 1 , A M 2 , V M U , T E M P , A L P , X E L , X E T
W R I T E (6 ,2 ) A M 1 , A M 2 , V M U , T E M P , A L P , X E L , X E T
C
C * * * N U M B E R O F F L A P S E C T I O N S ( I N C L U D I N G T H E J E T S P A N ) , T H E N U M E R I C A L
C O R D E R OF JET S P A N AND THE C O R R E S P O N D I N G FLAP D E F L E C T I ON A N G L E S IN
C D E G R E E S ***
R E A D (5,6) N F ? , N J P , ( D F (I),1=1,NFP)
W R I T E (6,6) N F P , N J P , ( D F ( I ) , 1 = 1 , N F P )
C
C * * * R E F E R E N C E H A L F W I N G A R E A , D I S T A N C E O F F L A P H I N G E F R O M L O C A L L .E.
C R E F E R R E D TO L O C A L C H O R D , T W I S T IN DEG., I N C I D E N C E OF R O O T C H O R D IN
C DEG. , X-, Y- AND Z-" C O O R D I NAT E S 0 F JET C E N T E R AT E X I T , AND JET
C R A D I U S ***
C NOTE- F O R U S B A P P L I C A T I O N S , Y J , Z J A N D R J M A Y B E / A N Y N O N - Z E R O V A L U E S . .
C , U N L E S S T H E R E C T A N G U L A R J E T I S N O T O N T H E S U R F A C E A N D T H E E N T R A I N -
C MENT E F F E C T IS TO BE A C C O U N T E D FOR.
C C R E F - M E A N A E R O D Y A N M I C C H O R D
R E A D (5 ,2) H A L F S W , T W I S T , T W I S T R , X J , Y J , Z J , R J , C R E F
W R I T E (6,2) H A L F S W , T W I S T , T W I S T R , X J , Y J , Z J , R J , C R E F
86
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C . " . '
C * * * T R A I L I N F - E D G E A N G L E IN DEG. / P A R T I A L - S P A N F L A P I N D I C A T O R (=0. FOR
C NO OR F U L L - S P A N FLAP* AND =1. O T H E R W I S E ) , C O N F I G U R A T I O N I N D I C A T O R
C (=1. FOR USB* AND =0. FOR O W B )
C N O T E FOR USB A P P L I C A T I C N S / TEANGL MAY BE ANY VALUE *
R E A D ( 5 * 2 ) T E A N G L / P T - I A L / U S B .
W R I T E ( 6 / 2 ) T E A N G L / P T I A L / U S B
C A M L E R = 0 . - -
C A M L E T = 0 .
C A M T E R = 0 .





C * THE FOLLOWING DATA ARE NOT NEEDED FOR OWB APPLICAT IONS *
IF (IUSB .NE. 1) GO TO 198
C
C **» THRUST COEFFICIENT/ JET DEFLECTION ANGLE IN O E G . - A N D ENTRAINMENT
C CODE IF THE R E C T A N G U L A R JET IS NOT ON THE WING SURFACE (=1. IF THE
C E N T R A I N M E N T DUE TO AN EQUIVALENT ROUND JET IS TO BE INCLUDED/ =0.
C OTHERWISE)
R E A D (5/2) CMU/DFJ/ T N J
WRITE (6/2) C M U / D F J / T N J
C ' -
198 CONTINUE " .
D F J = D F J * P I / 1 8 0 .
DO 25 1=1/5
2 5 D F ( I ) = D F ( I ) * P I / 1 8 0 .
T D F = D F ( N J P )
A L P = A L P * P I / I S O .
A L P S = S I N ( A L P )
A L P C = C O S ( A L P )
A L P T = A L P S / A L P C
D E = T E A N G L * P I / 1 80. + TDF
IF ( IUS3 .EQ. 1) C D F = D F J ,
E X I T = 0 .
IF (XJ .GT. X E L ) EXIT=1.
X E L = ( X E L - X J ) / R J
X E T = ( X E T - X J ) / R J
Z = Z J / R J
THsQ.
M 1 ( 4 ) = 0
. I TN=TNJ
Y C O N ( 2 3 ) = T N J
--' —-.--I-F UUS3 ,EQ. 1_ .A 'ND.__ ITN . EQ. 0) GO TO 199
C A L L E N T R N ( VMU/ A M 2 / T EMP / X M / C U/ RT~ /XEL / X E T / Z / X C O D E / X J C )
X E Q U I = X f l * R J + X J
R E Q U I = R T * R J
R T = R E Q U I
IF ( I U S 3 . . E Q . 1) GO TO 199
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IF ( X E L .LT. 0 . .AND. ZJ .GE. ( 2 . * R J ) ) K C O D E = 0
IF (ZJ .GE. (3 . *RJ» K C O D E = 0
F 1 = - 2 9 . 5 4 2 8 * C U * C U + 3 3 . ? 3 7 1 * C U - 8 . 9 1 48
IF (CU .fiT. 0 .6339) F1=0.6 + 0.4*(CU-0.6339)/0. .3661
IF (F1 .;LT. 0. .AND. ZJ .GE. ( T..9* RJ ) ) K COD E=0 ,
I F ( K C O D f .EQ. 0 ) G O T C 1 9 9 - s .
Z R = P I * « T / 2 .
TH = ZR
199 CONTINUE
I F ( IUS3 .EQ.'1) KCODE=1
IF (IUS3 .NE. 1 .AND. K C O D E .EQ. 1) GO TO 197
GO TO 196
1 9 7 A X = X E L * R J
D J X = 2 . * R J
IF (F1 .LT. 0. ) F1 =0.
I F (ZJ .LT. ( 2 , * R J ) .AND. ZJ .GE. < 1 . 5 * R J > > F 1 = F 1 + ( 1 . - F 1 ) * ( 2 . * R J -
1 Z J ) / ( 0 . 5 * R J )
IP (ZJ .LT. 01 . 5 * R J )) F1=1.
IF (F1 .GT . 1. ) F1=1.
F A C T = F 1
C D F = D £ * F A C T
196 CONTINUE
C
C * * * T O T A L NUMBER O F S P A N W I S E S E C T I O N S ^ A N D T H E NUMBER O F V O R T E X
C S T R I P S IN E A C H S E C T I O N PLUS 1 ***
C * THE NUM3ER OF V O R T E X S T R I P S IN THE JET R E G I O N SHOULD BE C O N S I S T E N T
C W I T H T H A T O F J E T V O R T E X S T R I P S *
R E A D ( 5 x 3 ) NC , (M l ( I ) , 1=1 ,NC)
W R I T E ( 6 /3 ) NC* (M1 (I) / I=1*NC>.
C
C * * * T H E N U M E R I C A L O R D E R O F F L A P A N D J E T S P A N S A M O N G T H E S P A N W I S E
C S E C T I O N S ***
R E A D ( 5 / 3 ) < N J W ( I ) / I = 1 / N F P )
W R I T E (6/3) (NJW(I),I=1,NFP)
C
C *** NUNBER OF C H O R D W I S E V C R T E X ELEMENTS IN C H O R D W I S E . SECTIONS ***
R E A D ( 5 * 3) (N W ( I ) / I = 1 / 3)




105 C O N T I N U E
LL = 1
FN = NCW
DO 100 1=1 / N C W ' . • - - - -
F 1 = 1
C P C W L ( I ) = 0 . 5 * ( 1 . - C O S ( ( 2 . * F I - 1 . ) * P I / ( 2 . * F N ) ) )
S N ( I / L ) = 2 . * S Q R T ( C P C W L ( I ) * ( 1 . - C P C W L ( I ) ) )
1 0 0 C P C W L ( I ) = C P C W L ( I ) * 1 0 0 .
DO 10 KK-=1 /NC
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*** COORDINATES OF BREAK CHORDS BOUNDING SPANWISE SECTIONS ***
RF.AD (5*2) (XXL(I) ,XXT (I) ,YL( I)/I=1/2)
W R I T E (6/2) (XXL(I)/XXT(I),YL( I)/ 1=1/2)
IF ( IUS3 - E Q . 1) GO TO 113
IF ( I S Y M ,. EQ. 0 .AND. KK .EG. 1) GO TO 99.
IF (KK ."EQ. (NJW(NJP)V l ) ) GO TO 103 ;•
IF ( I S Y M .NE. 0 .AND. KK .EQ. (NJU (NJP)r1 » GO TO 102
IF ( I S Y M .NE. 0 .AND. KK .EQ. N J W ( N J P ) ) GO TO 99
GO TO 113
9 9 X X L ( 2 ) = X X L ( 1 ) + ( X X L ( 2 ) - X X L ( 1 ) ) * ( Y L ( 2 ) - Y L ( 1 ) + R T - R J ) / ( Y L ( 2 . ) - Y L ( 1 ) )
X X T ( 2 ) = X X T ( 1 ) - K X X T < 2 ) - X X T ( 1 ) ) * ( YL ( 2) -Y L ( 1 ) + RT-R J.) / ( Y L ( 2 ) - Y L ( 1 ))
IF ( I S Y M .EQ. 0) GO TO 104
1 0 3 X X L ( 1 ) = X L 2
X X T ( 1 ) = X T 2
GO TO 104
1 0 2 X X L ( 2 ) = X X L ( 1 ) + ( X X L ( 2 ) - X X l ( 1 ) ) * ( Y L ( 2 ) - Y L ( 1 ) - R T + R J ) / ( Y L ( 2 J - Y L ( 1 ) )
X X T ( 2 ) = X X T (1 ) + ( X X T ( 2 ) - X X T ( 1 ) J * ( YL ( 2) - Y L ( 1 >-R T+R J ) / ( YL ( 2 ) - Y L ( 1 »
1 0 4 X L 2 = X X L ( 2 )
X T 2 = X X T ( 2 )
IF ( I S Y M .EG. 0 .AND. KK .EQ. 1) GO TO 112
IF ( I S Y M . NE.. C .AND. KK .EQ. ( NJ W (N J P ) -1 ) ) GO TO 112
Y L ( 1 ) = Y L 2
112 IF ( I S Y M . EQ. 0) GO TO 101
IF (KK .EQ. (NJU(NJP)+D) GO TO 113
IF (KK .EQ. ; N J W ( N J P ) ) YL ( 2 ) = Y L ( 2 ) + R T - R J
IF (KK .EQ. ( N J W ( N J P ) - I ) ) YL( 2 > =Y L (2 ) - R T + R J
GO TO 11 1
101 IF (KK .EQ. 1) YL(2)=YL(2)+RT-RJ
111 YL2=YL(2)
1 13 CONTINUE
F M = M 1 (KK) . . . - . - .
NSU=M1 (KK)
DO 1 20 J=1 * M S W
FJ=J
C P S W L ( J ) = 0 . 5 * ( 1 , - C O S ( (2. *FJ-1. ) *P I / ( 2 . * FM ) ) ) * 1 00.
Y C O N ( J ) = 0 . 5*(1 . - C O S ( F J *PI/FM))
S J(J , K K ) = S I I M ( F J * P I / F M )
1 20 C O N T I N U E
I F (KK . E Q . I M C ) GO TO 130
C P S W L ( 1 ) s Q .
C P S W L ( N S U ) = 1 0 0 .
GO TO 135 .
1 30 C P S W L ( 1 ) = 0 .
135 IF (KK .EQ. N J W ( L L ) ) M JW1 (LvLL) =1 PANEL
_
LR=(L-1 )*NC+XK •—----.._ ------- -.--/_'._






3 R E A K ( K K ) = Y L ( 1 )
IF <KK .gQ. N J W ( L D ) M J W 2 ( L ,LL ) =L P AN EL
I F (KK . N£. NO GO TO 10
H A L F B = Y L ( 2 )
10 IF (« . EQ.. NJW(LD) LL = LL + 1
I F (L ,EU.. 3) GO TO 107
IF (L .EQ. 1) L P A N 1 = L P A N E L
I F (L .EQ. 2) L P A N 2 = L P A N E L
I F ( N W ( 2 ) .EQ. 0) GO TO 106
L=L + 1
IF (L .EQ. 3 .AND. NW(3) .EQ. 0) GO TO 108
GO TO 105
106 DO 23 1=2,3
00 23 J=1,NFP
2 3 M J W 2 ( I , J ) = 0
L P A N 2 = L P A N E L
N C S = N C S * 3
GO TO 107
108 DO 24 I=1/ NFP
MJw1<3,I)=0
107 C O N T I N U E
,NCS = N C S / 3
I F ( IUSB .EQ. 1 ) C U = V M U
V * U = C U
9 T J = R J
2 J T = Z J
I F ( R T .GT. Z J .AND. < C O D E .EQ. 0 ) Z J T = R T
I F ( IUSB . EQ. 1 ) G O T O 109
AM2 = A*1 / ( V M U * S Q R T ( T E M P ) )
I F ( A M 2 .GT. 0.9) W R I T E (6 ,405) A M 2
IF ( A M 2 .GT. 0 .9 ) AM2=0..9
109 C O N T I N U E
L A S T = L P A N E L
C
C * * * T O T A L NUMEER O F S T R E A t f W I S E J E T S E C T I O N S , NUMBER O F J E T C I R C U M -
C F E R E N T I A L S T R I P S PLUS ONE( USE ODD N U M B E R S FOR A N O N - C E N T E R E D JET
C A N D E V E N N U M B E R S F O R A C E N T E R E D J E T ) , A N D N U M B E R S O F J E T V O R T E X
C ELEMENTS O N E A C H J E T S E C T I O N • ' * * * ' • .
R E A D (5,3) NNJ ,NSJ, (NCJ( I ) , I=1 ,NNJ )
W R I T E (6,3) NNJ,NSJ, ( N C J ( U , I = 1 ,NNJ )
C
IF ( K C O D E .EQ. 0 ) . C A L L C IR C J ( I S YM , NS J / Y )
IF ( I S Y ^ .EQ. 0 ) N S J J = N S J / 2
IF ( I S Y M .NE. 0) N S J J = ( N S J + 1 ) 12
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N SYM = 1 -I SYP
NSJ1=NSJJ-1
F N J = N S J J
C P S W L ( 1 ) - = 0 . . ' . . ' • .
CPSWKNS.JJ )=1 . . ; . ,'.
Y C O N ( 1 ) = 0 . 5 * ( 1 . - C O S ( P I / F N J ) )
00 33 1=2,NSJ1 ' • ,
FI = I
CPSWLCI)=0.5*<1,-COS((2.*F1-1.)*PI/<2.*FNJ)»





1 F ( IUSB .E«. 1) GO TO 122
C
C *** COORDINATES OF BOUNDING LINES OF JET SECTIONS PROJECTED ON X-Y
C PLANE ***
READ (5,2) (XXL(I),XXT(I),YL(I),1=1,2)
WRITE (6,2) (XXL(I),XXT(I),YL(I),1=1 ,2)
C
I F ( ISYM .EQ. 0) GO TO 93
XL1 = XXL(1 )-(XXL(2)-XXL (1 ) ) * (R T-RT J ) / < Y L ( 2)-Y L < 1 ))
XT1=XXT(1)-(XXT(2)-XXT (1))*(RT-RTJ)/(YL(2)-YL(1 ))
98 XL2=XXL(1)+(XXL(2)-XXL(1))*(RT+RTJ)/(YL(2)-YL(1))
XT2 = XXT(1)-f (XXT(2)-XXT (1) ) *(RT+RT J )/< YL(2)-YL(1 ))
IF (ISYM .EG. 0) GO TO 97
XXL(1)=XL1
XXTd ) = XT1
97 XXL(2)=XL2
XXT(2)=XT2
IF (ISYM .£Q. 0) GO TO 96
YL(1 )=YL (1 )-RT+-RTJ
96 YL(2)=YL(2 >+RT-RTJ-




XXL(2) = XXL (1)
XXT(2) = XXT (.1 ) -
YL(2)=YL (1 )
X XL(3) = XXL (A)
XXT(3) = XXT (A)
YL(3)=YL(4) .
ZL(I)=o. :







C * * * C O O R D I N A T E S O F B R E A K P O I N T S DEF IN ING R E C T A N G U L A R J E T S E C T I O N S F O R
C USB C O N F I G U R A T I O N S * * * , .
C
122 DO 123 L=1 /4
R E A D (5,2) X X L ( I ) / X X T ( I ) / Y L ( I ) / Z L ( I )
123 W R I T E ( 6 /2 ) X X L ( I ) / X X T ( I ) / Y L ( I ) / Z L ( I ) „
121 C O N T I N U E .
II=JJ
J J1=JJ+L
F N C J = N C J (J J)
N J = N C J ( J J )
NMJ=NJ*16
IF (NJ .GT. 6) N M J = N J * 3
DO 1000 J=1 /NMJ
FJ=J
S C ( J / J J ) = 0 . 5 * ( 1 . - C O S ( ( 2 . * F J - 1 . ) * P I / ( 2 . * F N J ) ) )
1000 S I ( J / J J ) = S I N ( ( 2 . * F J - 1 . ) * P I / ( 2 . * F N J ) )
DO 1 2 J = 1 / N J
FJ=J
C P C W L ( J ) = 0 . 5 * ( 1 . - C O S ( ( 2 . * F J - 1 . ) * P I / ( 2 . * F N C J ) ) )
12 S N ( J / JJ1 ) = 2 . * S Q R T ( C P C W L ( J ) * ( 1 . - C P C W L U ) ) )
IF ( K C O D E .EQ. 0) C A L L J SH APE < XXL f XX 1, YL> Y J , Z J T /RT, CP C W L / I PANEL /N J
1 / J C , I S Y M )
IF ( K C O D E .EQ. 1) C A L L R E S H A P < X 'XL* X X T , YL* ZL* CPC WL *C PS Wl,I PANEL #NJ /
U C ^ I I / N S Y M )
M J J ( J J ) = L A S T
11 I P A N E L = L A S T + 1
21 C O N T I N U E
S DF = X X T ( 1 ) - X X L d )
IF ( IUS3 .EQ. 1) T H = Z L ( 3 ) - Z L ( 4 )
Y C O N ' ( 2 5 ) = Z L ( 4 )
Y C O N ( 2 4 ) = U S B
C (1 ) = C M U
IF ( K C O D E .EQ. 0) Y C O N ( 2 5 ) = 1 .
IF ( K C O D E .EQ. 1) C A L L R EC T J ( I S YM , NS J / Y )
W R I T E ( 6 x 4 ) H A L F S W / C R E F
J P A N E L = L A S T - L P A N E L •
L T O T A L = L A S T + J P A N E L
W R I T E ( 6 / 4 0 2 ) L P A N E L / J P A N E L * L A S T / L T O T A L
I F ( IUSB .EQ. 1 ) GO TO 124
W R I T E ( 6 / 3 6 )
IF ( K C O D E .EQ. 0 ) W R I T E (6 /37 )
I F ( K C O D E .EQ. 1 ) W R I T E ( 6 / 3 8 )
IF ( K C O D E .EQ. 1) W R I T E ( 6 / 3 9 ) - ' '
W R I T E ( 6 / 3 6 )
W R I T E ( 6 / 2 9 ) X E Q U I
W R I T E ( 6 / 3 0 ) R E Q U I
W R I T E ( 6 / 3 2 ) V M U
1 2 4 C O N T I N U E
W R I T E ( 6 / 4 0 3 )
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W R I T E (6*610)
W R I T E ( 6 *5 ) (XN( I ,1 ) , X N ( I , 2 ) * Y N ( I , 1 ) , Y N ( I ,2 ) ,ZN( I *1 ) /ZN( I /2 ) , I=1 ,L
1 A S T )
W R I T E (6 *4C4)
W R I T E (6*620)
. W R I T E (6 *5 ) ( X C P ( I ) , Y C P ( I ) / Z C P ( I ) *I=1 , L A S T )
IF ( K C O D E .EQ. 1) GO TC 2022
I F ( I S Y M .EQ. 0) GO TO 2021
FN2=(NSJ-1 ) /2+1
NJH=(NSJ-1 ) / 2 + 2
ANG=PI / (2 . * F N 2 )
F A C = ( S I N ( 3 . * A N G ) - S I N ( A N G ) / C O S ( A N G ) ) / ( 1 . - C O S ( 3 . * A N G ) )
P H I = P I / 2 . - A T A N ( F A C )
NJH1 =NJH-1
NJH2=NJri+1
Y ( 3 , 2 ) = S I N ( P H I )
Y U ,2 )= -COS(PHI )
Y (3 ,NJH1 ) = Y ( 3 * 2 )
Y (4 /NJH1 ) = - Y ( 4 / 2 )
Y ( 3 * N J H 2 ) = - Y ( 3 / 2 )
Y ( 4 * N J H 2 ) = Y ( A * 2 )
Y ( 3 / N S J 1 ) = - Y ( 3 * 2 )
Y (4 ,NSJ1 ) = - Y ( 4 / 2 )
GO TO 2022
2021 F N 2 = N S J / 2
N J H = N S J / 2
ANG1=1 , -Q .5 * (1 . - C O S ( P I / ( 2 . * F N 2 ) ) )
A N G 3 = 1 ,-0.5*(i . - C O S ( 3 . * P I / ( 2 . * F N 2 ) ) )
ANG1 = A T A N ( S Q R T ( 1 .-ANG1 *ANG1 )/ ANG1 )
A N G 3 = A T A N ( S Q R T ( 1 . -ANG3 * A N G 3 ) / A N G 3 )
F A C = ( S I N ( A N G 3 ) - S I N ( A N G 1 ) / C O S ( A N G 1 ) ) / d . - C O S ( A N G 3 »
PHI = P I / 2 . . - A T A N ( F A C ) •
NJH1=NJH-1
NJH2=NSJ1
Y (3 /NJH1 ) = S IN (PHI ) :
Y (4/.NJH1 ) = C O S ( P H I )
Y < 3 / N J H 2 ) = - Y ( 3 » N J H l )
Y ( 4 ,NJH2 ) = Y ( 4 * N J H 1 )
2022 C O N T I N U E
F N J s N C J (NNJ)





= SQRT (1.-AM1*AM1 )
B1=BETA1 *BETA1.
B2=BETA2*BETA2
DO 951 KX=1*NCS .
X L L ( K < ) =ALP+( T W I S T R+T W I S T * Y L E ( K K ) /HALF B)*PI 7180.
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T = X L L ( K < )
9 5 1 X T T ( K K ) = S J N ( T > / C C S ( T )
R E T U R N
END
$ F O R T Y
$ • I N C O D E JQMF ! • ; . - : . ' • : ' • . ' .
SUBROUTINE RE S H AP ( X XL/ XX T, YL* Z L,C PCWL / C PS Wl, IP ANEL / NJ / J C, J J, NS Y M)
C TO D E F I N E THE L O C A T I O N S OF V O R T E X AND C O N T R O L POINTS ON R E C T . J E T S
D I M E N S I O N X X L ( 1 ) ' Y L < 1 > , X X T < 1 ) , Z L < 1 ) / C P C W L ( 1 > , C P S W L < 1 >
COMMON / C O N S T / N C S / N C W / M 1 ( 8 ) * N S J * N C J < 5 ) , L A S T , M J W 1 ( 3 , 5 > * M J U 2 < 3 / 5 ) / J
1 P A N E L / M J J ( 5 ) * N W ( 3 ) /NNJ >NJP
C O M M O N / G E O M / HALF S W, XCP < 200) , YCP ( 200) , ZCP ( 200 ) /XL E (5 0) ,Y LE (5 0 ) /X T
1E (50 ) ,PSI (20 ) ,CH(95) ,X v (200 )x Y V(VOO) .. SN( 8*8 ) ^ XN(200^ 2) , YN (200* 2) ,
H A L F 8 ^ S J ( 2 1 / 8 ) / E X ( 9 5 / 2 ) ^ T X (
C O M M O N / S C H E M E / C ( 2 > , X (1 O/ 4 1 ) , Y (1 0 *41 ) ,SLOP E (1 5 > , X L (2 , 1 5 > * XTT ( 4 1 )
1 X L L ( A 1 )
PI-3.141 5 9 2 6 5
IF ( N S Y M .EQ. 0) N S J J = ( N S J + 1 ) 12
IF ( N S Y t f .NE. 0) N S J J = N S J / 2




1 P S I ( J > = 0 . 5 * ( 1 , - C O S ( F J * P I / F N J ) )
DO 2 IS=1,4
IF ( N S Y M .EQ. 1 .AND. IS .EQ. 1) GO TO 2
I F ( IS .EQ. A) GO TO 6C
K1=IS




61 C O N T I N U E
SPA.M = Y L « 2 ) - Y L (K1)
X D I F = XXL « 2 ) - X X L « 1 )
DO 3 1=1 ,2
I I « I + K 1 - 1 '
IF ( IS . E Q . t - . A N D . I .EQ. 2 ) 11=4
C ( I ) - X X T ( I I ) - X X L ( I I )
DO 3 J=1 *N J
3 X L ( I / J ) = X X L ( I I ) + C P C W L ( J) *C( ' l )
IF ( A B S ( S P A N ) .LE. O . O C 1 ) GO TO 10
DO 25 J = 1 / N J
25 SLOPEU ) = ( X L ( 2 / J ) -XL (1 /J ) ) / S P A N
DO 30 K=1 ,NSJJ
Y K = C P S W L ( K ) * S P A N
DO 30 J=1,NJ
Y ( J ^ K ) = Y < + Y L ( K 1 )
X < J , K > = X L d / J ) + S L O P E ( J ) * ( Y ( J , K ) - Y L ( K 1 ) )



































































Y C 2 = 1 .
71 C O N T I N U E
E X < K K , 1 ) = X X L ( K 1 ) + X D I F * Y C 1
E X ( K K , 2 ) = X X l ( K 1 ) + X D I F * Y C 2
T X ( K K , 1 ) = X X T « 1 ) + ( X X T ( K 2 ) - X X T < K l ) ) * Y C 1
T X < K K , 2 ) = X X T < K 1 ) - K X X T ( K 2 ) - X X T < K 1 ) ) * Y C 2
DO 35 J=1/NJ
NPANEL= (1C- 1 > * N J + J-1+I PANEL
00 40 1=1,2
KHsK+I-1
IF ( A B S ( S P A N ) .LE. O . O C 1 ) GO TO 42
X1 = X ( J , K I 1 )
Y l = Y ( J x < I 1 )
IF ( J .NE. 1 ) GO TO 44
Z Z = Z L ( K 1 > + ( Z L ( K 2 ) - Z L ( K 1 ) ) * < Y 1 - Y L < K 1 > ) / S P A N
X X = X D I F* ( Y 1 - Y L «1) ) X S P A N + X X L ( K 1 )
GO TO 46
42 IZN=K1
IF (I ,EQ. 2) I2N=K2
X 1=XL( I / J )
Y 1 = Y L ( K 1 )
1 F (J .NE. 1) GO TO 44




XX = XN(NPAN1 /I )
46 X N C N P A N E L / I)=X1




---- XCP(NPANEL)-=.Xt)*-C.HCXI<:)*f .S.I_U_) ' '_ ' __ _ ' ' • _ _ • _ _ • _ " '
YCP(NPANEL)=YC*SPAN + YL (X 1 ) "' "• " '~ ~ — —
IF CA8S(SPAN) .LE. 0.001) GO TO 50
ZC=ZN(NPANEL,1)-»-(ZN(NPANEL*1)-ZN(NPANEL/2))*<YCP(NPANEL)-YN{NPANEL
1*1)) /<YN:t.NPANEL/1>-YN(NPANEL*2» , .
XC = X N ( N P A N E L / 1 ) A S L O P E ( J) * ( Y CP < NPAN EL ) -YN< N P A N E L /I ))
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GO TO 55
50 Z C = 0 . 5 * ( Z N ( N P A N E L * 1 ) + Z N ( N P A N E L / 2 ) )
X C = 0 . 5 * ( X N ( N P A N E L / 1 ) + X N(NP ANEL , 2) )
5 5 Z C P ( N P A N £ L ) = Z C
X V ( N P A N E L ) =XC
35 C O N T I N U E .
I P A N E L = N P A N E L + 1
L A S T = N P A N E L
J C * K K
2 C O N T I N U E
R E T U R N
END
$ F O R T Y
$ I N C O O E IBMF
S U B R O U T I N E P AN EL ( X XL/ Y L/ XX T, C PC WL , C P S W L / N S W , I PANEL- /LP ANEL / K K / L R ,
1 S W P )
C T O D E F I N E T H E L O C A T I O N S O F V O R T E X A N D C O N T R O L P O I N T S O N T H E W I N G
D I M E N S I O N X X L < 1 > , Y L < 1 ) , X X T < 1 ) , C P C W L ( 1 ) , C P S W L < 1 >
D I M E N S I O N S W P < 8 , 1 5 )
C O M M O N / C O N S T / N C S , N C W , M 1 C 8 ) * N S J / N C J ( 5 > , L A S T , M J W 1 < 3 , 5 ) / M J W 2 ( 3 , 5 > / J
1P A N E L / M J J ( 5 > * N W ( 3 > /NNJ /NJP
CO MMON / G E O M / H A L F S W / ' X C P ( 2 0 C ) * Y C P ( 2 0 0 ) , Z C P < 2 0 0 ) , X L E ( 5 0 ) / Y L E < 5 0 ) , X T
2 Z N ( 2 0 0 ^ 2 ) / W I D T H ( 3 ) * Y C O N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B / . S J ( 2 1 / 8 ) ^ E X ( 9 5 ^ 2 ) / T X (
3 9 5 , 2 > * S C < 1 6 0 , 5 ) , S I ( 1 6 0 * 5 > , L C ( 3 )
C O M M O N / S C H E M E / . C ( 2 ) * X ( 1 0 * 4 1 ) ^ Y ( 1 0 * 4 1 ) * S L O P E ( 1 5 i / X L ( 2 * 1 5 0 * X T T ( 4 1 ) *
1 X L L C 4 1 )
PI=3. 141 5 9 2 6 5
N S W 1 = N S W - 1
DO 1 1=1/2
C m = X X T (I ) - X X L ( I)
D O l J = 1 / f 4 C W
X L ( I / J ) = X X L ( I ) + C P C W L ( J ) * C ( I ) / 1 0 0 .
= Y L ( 2 ) - Y L ( 1 )
PSI(J)=0.5*(1.-COS(FLOAT(J)*PI/FLOAT(NCW»)
SLOPE < J ) = < X L < 2 , J ) - X L < 1 / J ) > /SPAN
2 SUP(J^LR) = ATAN(SLOPE< J ))
DO 3 K=1 ,NSW
YK=CPSWL(K)*SPAN/100.
DO 3 J=1 *NCW
Y (J/K)=YK+YL(1 )
X(J/K)aXL(1/J)+SLOPE(J)*(Y(J/K)-YL(1))
3 C O N T I N U E
X L L ( 1 ) = X X L ( 1 )
X T T ( 1 ) = X X T < 1 )
DO 15 1=2* NSW
X L L ( I > = X L L < I - 1 ) + ( X X L C 2 > - X X L < 1 » * < Y ( 1 , I ) - Y < 1 , I - 1 » / S P A N
15 X TT( I ) = X T T (1-1 ) + ( X X T ( 2 ) - X X T ( 1 ) ) * ( Y (1x1 )-Y (1x1-1)) / S P A N
DO 6 K = 1 , N S W 1
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Y L E ( K K ) = Y C O N ( K ) * S P A N + Y l ( 1 )
X L E ( K K ) = X L L ( K ) + ( XLL (K + 1) -X LL (K ) ) * < YLE ( KK ) -Y ( 1 ,K ) ) / ( Y( 1 /K+ 1 ) -Y ( 1 ,K )
1)
X T E ( K K ) = X 7 T ( K ) + ( X T T ( K + D - X T T ( K ) ) . * ( YLE ( K K ) - Y ( 1 ,K) ) / ( Y (1 ,K+1 ) -Y (1 ,K)
1)
C H ( K K ) = X T E ( K K ) - X L E ( K K )
E X ( X K > 1 ) = X X L ( 1 ) - K X X L ( 2 ) - X X L ( 1 » *C P SUL < K > / 1 00 .
E X < K K / - 2 ) = X X L ( 1 ) + ( X X L ( 2 ) - X X L ( 1 ) ) *C PSWL ( K+1 ) / 1 00 .
T X < K K / 1 ) = X X T ( 1 ) + ( X X T ( 2 ) - X X T < 1 ) ) *C P S W L ( K ) / 1 00.
T X ( K K / 2 ) = X X T ( 1 ) + ( X X T ( 2 ) - X X T ( 1 ) ) * C P S W L ( K + 1 ) / 1 0 0 .
T A N G = ( X X L ( 2 ) - X X L < 1 ) ) / S F A N
S W E E P ( K K ) = A T A N ( T A N G )
DO 6 J = 1 , N C W
N P A N E L = ( K - 1 ) * N C W +J -1+ IPANEL
DO 5 1=1/2
I) = X < J , K I 1 >
Y N ( N P A N E L / I ) =Y < J *K M.)
Z N C N P A N E L x I)=0.
5 CONTINUE
X C P ( N P A N E L ) = X L E « K ) + P S I ( J ) * C H < K K )
Y C P ( N P A N E L ) = Y L E ( K K )
Z C P ( N P A N E L ) = 0 .
X V < N P A N E L ) = X L E < K K ) - » - C P C W L ( J ) * C H ( K K ) / 1 0 0 .
Y V ( N P A N E L ) = Y L E ( K K )
6 CONTINUE
LPANEL=NPANEL





SUBROUTINE ENTRN ( U/ AM J/T* X MX CMU, RT/ XE L, X ET / Z / KCODE *X J C )
C TO COMPUTE THE JET E N T R A I N M E N T FUNCTION
D I M E N S I O N CSJ ( 7 O / S S J ( 70)
D I M E N S I O N PU1 (3D/PU2 (31 ) * FU1 (31) / F U 2 ( 3 1 ) / F U 3 ( 3 1 ) / R R 2 (31)
C O M M O N / J E T / P K 1 , X C / X ( 2 1 ) , A ( 3 1 ) /B (31 )
C





K C O D E = 0 •




F = 2 . * P K 1 * S Q R T ( (1 , -U)*REJ
X C = 0 . 3 5 / F
X J C = X C
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A G 2 = A L O G ( ( 1 , + 2 . * U 7 A K 2 ) 7 ( 1 . + U 7 A K 2 ) )
D S X 1 = 2 * * P K 1 7 0 . 7 2 * S Q R T ( R E J * ( 1 , - U ) * A K 2 * A G 2 7 U )
D X = X ( I ) - X H
S = S + D X * 6 S X 1
. :M=M+1
GO TO 10
5 IF (I .NE. 1) S H = 2 . * P K 1 * S Q R T < R E J ) * X ( I ) - 0 . 3 5
.IF (1 .NE. 1) P1 = ( 1 , -U)*C1.-EXP(-1 .7 (2 . *SH) ) ) .
DSX = 2.*PiCl * S Q R T ( R E J )
I> ( A B S ( T - 1 . ) .LE. 0.01) GO TO 20 '
S ' = 2 . * P K 1 / 0 . 7 2 * S Q R T ( R E J ) * X ( I ) - 0 . 3 5
15 IF (I .EQ. 1 .AND. U .GT. 0.01) OS X = 2 . *PK 1 * S Q R T (RE J-*ALOG( U A) /U ) *
K.1.-U)
a O a 1 . - E X P ( - 1 . / C 2 . * S ) >
HOP=-2 . *HO**2 /0 .72
P 2 s ( f - 1 . * 0 . 2 * ( 1 . - U * U ) * A M J * A M J * T ) * H O - 0 . 2 * P 1 * A H J * A M J * T * <P1 + 2.*U)
P2P=(T-1. + Q . 2 * ( 1 . - U * U ) * A ^ J * A M J * T ) * H O P - 0 . 2 * P 1 P * A M J * A M J * T * ( P 1 + 2.*U)
1 - 0 . 2 * P 1 * A M J * A M J * T * P 1 P
FlPa-P2P*0. 890 7* (0.08901-0.04 005*'P2 + 0. 01 792 *P2* - *2 -0 .00646*P2* *3> / (
11.+1.05001*P2) ;
F 2 P = - P 2 P * 0 . 7 9 3 3 5 * ( 0 . 0 5 2 7 - 0 . 0 2 8 8 6 * P 2 + O . O U 7 8 * P 2 * * 2 - 0 . 0 0 5 8 9 * P 2 * * 3 ) /
1(1.+1.08869*P2)








IF (I .EQ. 1 .AND. U .GT. 0.01) 0 S X = 2 . * P K 1 * S O R T ( R E J * A L O G ( U A ) / U ) *
1(1.-U)
25 P1P=-2 . *P1*P1/ (1 . -U)
F1=0 .8907* (0 .12857 + 0 .01617*P2-0 .00607*P2**2 + 0.001 9 2 * P 2 * * 3 ) / ( 1 .
1+0.81317*P2)
F 2 = 0 . 7 9 3 3 5 * C O . 0 6 6 7 6 + 0 . C Q 4 5 3 * P 2 - 0 . 0 0 2 0 4 * P 2 * * 2 + 0 . 0 0 0 7 5 * P 2 * * 3 ) / ( 1 .
1+0 .85716*?2)
F 3 s ( 0 . 2 1 4 2 9 + 0 . 0 4 0 6 1 * P 2 - 0 . 0 1 2 4 9 * P 2 * * 2 + 0 . 0 0 3 ' 5 1 * P 2 * * 3 ) 7 ( 1 . + 0 . 7 8 9 4 8 *
1P2)
FU=U*P1*F1+P1*P1*F2
O H C 1 a ( P l P * F 1 + P 1 * F 1 P - U * F 2 P * F 3 - U * P 2 * F 3 P ) 7 F U
O M C 2 = ( P 1 * F 1 - U * P 2 * F 3 ) * ( U * P 1 P * F 1 + U * P 1 * F 1 P + 2 . * P 1 * P 1 P * F 2 + P 1 * P 1 * F 2 P )
17(FU*FU) •
OMX = 2 . * ( 1 . - U ) * ( D K C 1 - D M C 2 ) * . O S X / S Q R T ( R E J )
RJ2=0 .5 * (1 , -U ) /FU
R J 1 = S Q R T ( R J 2 )
W R I T E ( 6 / 5 5 ) X ( I ) , R J 1 , D M X
I F ( I K .GT. 1 ) G O T O 2 8
IF (X ( I ) ,GE. XEL) GO TO 26
GO TO 28
26 IF ( R J 1 .LT. Z) GO TO 28
:^_n
"Page missing from available verson
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P1=1.-U
UA = (1. + 2 . *U/ (1 . -U) ) / (1 . + U/ (1 .-U))
X ( 1 ) s X C
D X X = ( 3 . * X E T - X E L ) / 3 0 .
I OX = OXX
IF ( D X X .GT. 3 . ) GO TO 11
IF ( O X X .GE. 1. .AND. DXX .LE. 3.) D X X = 2 . 5
IF ( D X X .LT. 1.) D X X = 1 .5
11 C O N T I N U E
X ( 2 ) » X ( 1 ) + D X X / 2 .
DC 1 1=2,30
1 X ( I-H )=X ( I ) + O X X .
DO 2 1*1*70
FI = I
C S J ( I ) = C O S ( ( 2 . * F I - 1 . ) * F I / 1 AO. )
2 S S J ( I.) = S I N ( ( 2 . * F I - 1 . ) *FI /1 A O . )
00 3 1=1,31
1 F (U .LE. 0.01) GO TO 5
IF (I .EQ. 1 .AND. ABSU-1.) .LE. 0,01) GO TO 20
IF (I .EQ. 1) S = ( 2 . » P K 1 * S Q R T ( R E J * ( 1 . - U ) ) * X C / 0 . 7 2 - 0 . 3 5 ) * S Q R T ( ( 1 . - U )
1 / U * A L O G ( U A ) )
IF (I .EQ. 2) S = D S X * ( X ( 2 ) - X C )
IF (I .GT. 2) S = S H + D S X * D X X
IF (I .EQ. 1 ) M = 2 .
10 C O N T I N U E .
SUM=0.
00 A J=1,70
S B = 0 . 5 * S * ( 1 . -CSJ (J .)')
A P 1 = ( 1 . - U ) * ( 1 . - E X P C - 1 . / ( 2 . * S B ) ) )
A G = A L O G ( ( 1 . + 2 . * U / A P 1 ) / ( 1 . + U / A P 1 ) )
A SUM = SUM*(1 . / S Q R T ( A P 1 * A G ) - S Q R T ( 2 . * S B / ( ( 1 . - U ) * 0 . 6 9 3 1 A 7 1 8 ) ) ) * S S J ( J )
R E S = S U M * P I / 7 0 . * 0 . 5 * S * S Q R T ( U ) + S Q R T ( 2 . * U / ( 1 . - U ) ) * S * * 1 . 5 / 1 . 0 3 9 7 2 0 8
X 1 = R E S * 0 . 3 5
IF <M .ME. 1) GO TO 30
X T = X 1 / ( 2 . * P K 1 * S Q R T < ( 1 . - U ) * R E J ) )
P1 = (1.-U)* (1 . -EX-PC-1 ./ (2 .*S)) )
G 1 = A L O G ( (1 , + 2 . * U / P 1 ) / ( 1 . + U / P 1 ) )
OSX = 2 . * P K 1 * S Q R T ( R E J * ( 1 .-U)*P1*G1/U)
SH = S
IF ( A 3 S ( X ( D-XT; .LE. G.'OT) GO TO 35
D X = X ( I ) - X T
s = s + o x * o s x :
' ^ S H = S ; • • ' • ' . . • • ' . . ; . , ' • - . - -
35 P1 = (1 . -U)* (1 . -EXP(-1 .7(27*STJ)")")"" • — - • • - • : -- —--;
30 IF (ABS(T-1 . ) .LE. 0.01) GO TO 20
X H = X 1 * 0 . 7 2 / ( 2 . * P K 1 * S Q R T ( ( 1 . - U ) * R E J ) )
IF ( A B S ( X ( I ) -XH) .LE. C.01) GO TO 15
. A K 2 * ( 1 . - U ) * ( ' 1 . - E . X P < - 1 . / < 2 . * S ) ' ) )
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X M J = X O - K Z - R O ) * ( X ( I ) - X O ) / ( R J 1 - R O )
0) GO TO 29
X E T ) K C O O E = 1
X M ) K C O D E = 1
IF ( X E L .LT.
IF ( X M J .LT.
IK=IK-M
GO TO 28
29 X M = 0 . 5 * X E T
IF ( X M J .LE.
IK=IK+1
28 C O N T I N U E
R C = R J 1
X O = X ( I )
PU1( I )=P1
P U 2 ( I ) = P 2
F U 1 ( I ) = F 1
F U 2 ( I ) = F 2
F U 3 ( I )=F3
S R 2 ( I ) = R J 2
I F ( I .EQ. 1) GO TO 40
B ( I ) = ( D M X - D M X O ) / ( X ( I + 1 ) - X ( I ) )
A ( I ) = O M X O - B ( I ) * X ( I )
GO TO 3
40 A ( I ) = 0 . 1 4 5 * D M X / 0 . 3 2
8 1 ( I ) = ( D M X - A ( I ) ) / X C
3 D M X O = D M X
30) GO TO 65
0. .AND. XI* .LT. XC) GO TO
X ( K ) .AND. X M .LT. X < K + 1 ) )
5 0 I F ( K .GT .
IF (XM .GE. TO 60
IF (XM .GE. ( ) (  GO TO 60
K=K+1
GO TO 50
60 F 1 1 = R R 2 ( K ) * ( P U 1 ( K ) * U * F U 1 ( K ) + P U 1 ( K ) * * 2 * F U 2 ( K ) ) / ( U * U )
F 1 2 = R R 2 « - H ) * ( P U 1 ( K + 1 ) * U * F U K K + 1 ) + P U 1 ( K + 1 ) * * 2 * F U 2 ( K + 1 ) ) / ( U * U )
F 2 1 = R R 2 ( K ) * ( P U 1 ( K ) * F U 1 ( K ) - U * P U 2 ( K ) * F U 3 ( K ) ) / U
F22 = R R 2 ( K . - H ) * ( P U 1 ( K + 1 ) * F U 1 ( K - H ) - U * P U 2 ( K + 1 ) *FU3« -H ) ) /U
IF ( A 3 S ( T - 1 . ) .LE. O . O C 1 ) GO TO 61
F 3 1 = R R 2 ( K ) * ( 9 . * P U 1 ( K ) / 7 0 . - P U 1 ( K ) * F U 1 ( K ) + U * P U 2 ( K ) * F U 3 ( K ) ) / U
F32 = R R 2 ( K - H ) * ( 9 . * P U 1 ( K 4 1 ) / 7 0 . - P U 1 < K + 1 ) * F U 1 ( K - H ) + U * P U 2 ( K + 1 ) * F U 3 ( K * 1
1 ) )/U
X 1 1 = F 1 1 / ( F 2 1 A F 31 )




62 C O N T I N U E
X 1 = X ( K ) .
X 2 = X (K- t -1 )
X21 = F 1 1 / ( F 2 1 + F 3 1 ) + F31* ( F 1 1 / ( F 2 1 + F 3 1 ) - 1 . ) / F 2 1
x22 = F 1 2 / ( F 2 2 + F 3 2 ) - » - F 3 2 * (F 1 2 / ( F 22 + F 3 2) -1 . ) / F 2 2
X 3 1 = 2 . * F 2 1 * ( F 2 1 * F 3 1 ) / ( F 1 1 - F 2 1 - F 3 1 )
X 3 1 = S Q R T ( X 3 1 )
X 3 2 = 2 . * F 2 2 * ( F 2 2 + F 3 2 ) / < > 1 2 - F 2 2 - F 3 2 )
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X 3 2 = S Q R T ( X 3 2 )
IF C XM .GE. 0. .AND. XM .LT. XC) GO TO 70
GO TO 75 '
70 X1=0.
X2 = XC
X 2 2 = X 2 1
X 3 2 = X 3 1
X21 = 1 ,/U
X 1 2 = X 1 1
X31=1.
IF < A 8 S ( T - 1 . ) .LE. 0.001) GO TO 75
X 1 1 = 1 . / < T * U )
75 CMU=X21 + ( X M - X 1 ) * < X 2 2 - X 2 1 > / C X 2 - X 1 )
R T = X 3 H - ( X M - X 1 ) * ( X 3 2 - X 3 1 > / ( X 2 - X 1 >
C«U=1. /CMU
IF ( A B S C T - 1 . ) .LE. O . O C 1 ) GO TO 63
R U = X 1 1 + ( X M - X 1 ) * < X 1 2 - X 1 1 ) / ( X 2 - X 1 )
T = 1 . / (C> lU*RU)
W R I T E (6/55) T,CMU,RU,XM
63 CONTINUE
65 CONTINUE
RET U R N
END
$ F O R T Y
$ INC ODE IBMF
SUBROUTINE R E C T J ( I S Y M , N S J , Y )
C TO D E F I N E THE UNIT NORMAL V E C T O R S TO THE S U R F A C E OF R E C T A N G U L A R
C J E T S
DIMENSION Y<10,41>
I F ( I S Y M .EQ. 0) GO TO 1
NSJ.1 =NSJ+1
N J H = ( N S J - 1 ) / 2 + 2
GO TO 5
1 N S J 1 = N S J - 1
N J H = N S J / 2
5 DO 10 I=1,NSJ1
IF (I .EQ. 1 . .A .ND. I S Y M .NE. 0) GO TO 15
IF (I .EQ. NJH) GO TO 20
Y ( 3 / I ) = 1 .
Y U , I )=0 .
G 0 T 0 10 . .;
1 5 Y ( 3 / I >=0 . . . - • : .
Y (4/-I)s-1.
GO TO 10
20 Y (3^ I )=0 . .
Y ( 4 ^ i ) * r . • ••'_ . ' _
10 C-ONTI-NUE- ' . __ : . - - . .— - - - . - - .-- -
R E T U R N
END . '• . ' ' • • .
$ F O R T Y
$ I N C O D E I B M F
101
02^13^78 02.177
S U B R O U T I N E C I R C J ( I S Y M < N S J / Y )
E T C DEFIN.E T H E UNIT N O R M A L V E C T O R T O T H E S U R F A C E O F C I R C U L A R J E T S
0 IMENS ION Y ( 1 0 / 4 1 )
P 1 = 3.141.59 265
1 F ( I S Y M . EQ. 0) GO TO 2014
NSJ1 =NSJ tT •: • •
NN=(NSJ-1) /2-M
F N 2 = N N
NJH=NN+1
Y (1,1)=-SIN(PI/ C2. * F N 2 ) )
Y ( 2 / 1 > = - C O S ( P I / ( 2 . * F N 2 ) )
GO TO 2013
201<» Y <U1) =1 .
Y ( 2 * 1 ) = Q .
NSJ1=NSJ-1
F N 2 = N S J / 2
N J H = N S j / 2
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I S Y M .NE . 0) K=I-NJH+1










1-1 .) *PI /FN2
* P I / F N 2
- A T A N ( S Q R T ( 1 , - Y P * Y P )
H
M .EQ. 0) F I I=KK+1
FN2)
- A T A N ( S Q R T ( 1 . - Y P * Y P )
15
/ Y P )
/ Y P )
GO TO 2016
2015 A N G 1 = - A N G 1












$ I N C O D E I B M F
S U B R O U T I N E J S H A P E ( X X L , X X T / Y L , Y J / Z J , R J , C P C W L , I P A N E L , N J / J C , I S Y M )
C T O D E F I N E T H E L O C A T I O N S O F V O R T E X A N D C O N T R O L P O I N T S O N C I R C U L A R
C J E T S .
D I M E N S I O N C P C W L d ) / X X L ( 1 ) / X X T ( 1 > / Y L ( 1 ) . .
C O M M O N / C O N S T / N CS / NC W /M1 ( 8 > ,N S J , NCJ ( 5 ) / L A S T /M J W1 (3 /5 ) /MJ W2 (3 ./ 5 >, J
1 P A N E L / M J J ( 5 > / N W ( 3 ) / N N J /NJP
C O M M O N /GEOH/ H A L F S W/ X CP <200) / YCP ( 200 )/ ZCP ( 200 ) / X L E ( 50) / Y LE ( 50 ) /X T
1 E ( 5 0 > / P S I ( 2 0 ) / C H ( 9 5 ) , X V < 2 0 0 ) / Y V ( 1 0 0 ) / S N ( 8/8 > / X N ( 2 OO/ 2) /YN (200/ 2> /
2 2 N ( 2 0 0 / 2 ) / W I D T H ( 8 ) , Y C C N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B / S J ( 2 1 , 8 ) / E X ( 9 5 / 2 ) / T X (
395 ,2 ) , S C ( 1 60/5 ),SI ( 160 / 5 ) , L C ( 3)




IF ( I S Y M .EQ. 0) N1=NSJ-1
N2 = N1-H
I F ( I S Y M .EQ. 0) N2=NSJ
IF ( I S Y M .EQ. 0) N12=NSJ /2*1 •
DO 1 1=1 /2
C ( I ) = X X T ( I ) - X X L ( I )
DO 1 Jsl ,NJ
1 XL( I /J ) = X X L ( I ) + C P C W L ( J ) *C( I )
DO 2 J=1 /NJ
FJ=J
F N C J = N J
PSI (J )=0 .5* (1 . - C a S ( F J * P I / F N C J ) )
2 S L O P E ( J ) = ( X L ( 2 / J ) - X L < 1 / J ) ) / ( 2 . * R J )
DO 3 K=1/N2
Y Y=Y ( 2 / K )
IF ( I S Y M .NE. 0 .AND. K_.EQ. 1) Y Y = - 1 .
IF ( I S Y M .NE. 0 .AND.nr^EQ. 2) Y Y = - 1 .
IF (K ,EQ. (N12-1) .OR. « ,EQ. N1'2) Y Y = 1
I F (K .EQ. N2) Y Y = 1 .
X T T ( K ) = Y J + R J * Y Y
DO 3 J=1 /NJ
3 X ( J / K ) = X L ( 1 / J ) + S L O P E ( J ) * ( X TT ( K) -Y L ( 1 ) )
DO 6 K = 1 ,N1
I F (K .EQ. N 1 2 ) L=1
E X ( K K / 1 ) = X X L ( 1 ) + ( X X L ( 2 ) - X X L ( 1 ) ) *( XTT ( -L)-YL (1 ) ) / ( 2 . *RJ )
E X ( K K / 2 ) = X X L ( 1 ) + ( X X L ( 2 ) - X X L ( 1 ) > * ( X T T (K+1 ) - Y L ( 1 ) ) / ( 2 . * R J )
T X X K K / 1 ) = X X T ( 1 ) + < X X T < 2 ) - X X T < t ) )* ( XTT ( L ) -YL ( 1 » / ( 2 . *RJ )
T X ( K K / 2 ) = X X T ( 1 ) - > - ( X X T ( 2 ) - X X T ( V ) ) * ( X T T ( K - H ) - Y L ( 1 ) ) / ( 2 . * R J )
C H ( K K ) = C ( 1 ) - ( C ( V ) - C ( 2 ) ) *0 .5* ( V.-+Y ( 4 / K ) )
DO 6 J=1 /NJ
DO 5 1=1/2
k n = K+i-i
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S I G N = 1 *
IF *(K .E.Qs, N12 .AND. I .EQ. 1) KI 1 =1 ,
I F ( I S Y M i EQ. 0) GO TO 21
I F (KI1 .. EQ. 1 .OR. KI1 .EQ. 2) GO tO 20. :
GO TO 22 ;
21 IF (K .EQ. N1 2 .AND. KI1 .EQ. 1) SIGN = -1.
22 C O N T I N U E
IF (K I1 .EQ. (N12-1) .CR. KI1 ,EQ. N12) GO TO 25
IF (KI1 iEQ. N2> GO TO 25
Y Y = Y (2 /K I1 )
Z Z = Y ( 1 x K I 1 ) *S IGN
GO TO 30
20 YY=-1 .
ZZ = -Y(1 ,K I 1 ) / Y ( 2 ^ K I 1 )
GO TO 30
2 5 Y Y = 1 .
ZZ = Y(1 ,KI1 )/Y(2xKI1 )
30 CONTINUE
X N ( N P A N E L / > I )=X ( J > K I 1 )
Y N ( N P A N E L > I )=Y J + R J * Y Y
5 Z N < N P A N E L > I )=Z J+RJ *ZZ
YK = b . 5 * < 1 . + Y ( 4 * K . »
IF ( I S Y M .EQ. 0 ) Y K = 2 . * Y K - 1 .
X C P ( N P A N E L ) = X X L ( 1 ) 4 - ( X X L ( 2 ) - X X L ( 1 ) ) * Y K + P S I ( J ) * C
IF • ( A B S ( Y N < N P A N E L > 2 ) - Y N ( N P A N . E L , 1 > > .LE. 0.0001) GO TO 10
Y C P ( N P A N E L ) = Y L (1 ) + YK* ( Y L ( 2 ) - Y L d ) )




15 C O N T I N U E
XV<NPANEL)=XXL(1)+<XXL<2)-XXL(1))*YK+CPCWL<J)*CH<KK)
6 CONTINUE
J C = J C + N 1
LAST=NPANEL
R E T U R N
END
$ LINK L INK22/LINK1 1
$ FORTY
$ LIMITS *27K
$ INC ODE IBMF
SUBROUTINE J E T O F F
C TO SET UP THE JET OFF INFLUENCE COEFFICIENT MATRIX AND- COMPUTE -THE
C C A M B E R TERMS
DIMENSION AW(101)
C O M M O N / A E R O / AM1 , AM2 / E1 ,8 2 *C L ( 30 ) / C T ( 30) /> C 0 ( 30 ) , G AM ( 2, 1 00 )
C O M M O N / A D O / C P ( 1 0 0 ) , C P ( 3 0 ) * B R E A K ( 8 ) , S W P ( 8 * 1 5 ) * G A L ( 3 0 ) / I S Y M , V M U / V U
1 , T E M P , F C R * C A M L E R , C A M L E T , C A M T E R x C A M T E T / X J , Y J , Z J , R J , A L P * C K E F , T W I S T R
C O M M O N / G E O M / H A L F S U i , X C P ( 2 C O ) / Y C P < 2 0 0 ) , Z C P ( 2 0 0 ) , X L E ( 5 0 ) , Y L E ( 5 0 > * X T
1 E ( 5 0 ) , P S I ( 2 0 ) , C H ( 9 5 ) * X \ / ( 2 0 0 ) , Y V ( 1 0 0 ) * S N ( 8 * 8 > * X , M
104
"Page missing from available versionii
02-18-73 02.177
*IG = NW(1)
IF (4BSO1-82) .LE. 0. GOD GO TO 208




$ F O R T Y '
$ I N C O D E I9MF
S U B R O U T I N E J E T O N ( K C O D E )
C TO SET UP THE JET ON INFLUENCE C O E F F I C I E N T M A T R I X
D I M E N S I O N A W C 3 0 0 )
COMMON / G E O M / H A L F S W * X C P ( 2 0 0 ) , Y C P < 2 0 0 ) * Z C P ( 2 0 0 > / X L E < 5 0 ) , Y L E < 5 0 ) , X T
1 E ( 5 0 ) / P S I ( 2 0 ) / C H ( 9 5 ) / X V ( 2 0 0 ) / Y V ( 1 00) ,SN( 8*8 ) ,XN (200, 2 ) , Y N ( 200, 2) *
2 Z N ( 2 0 0 , 2 ) , W I D T H ( 8 ) , Y C C N ( 2 5 ) * S W E E P ( 5 0 ) , H A L F B , S J ( 2 1 , 8 ) ,EX ( 95,-2 ), TX (
395, 2), SC ( 1 6 0 / 5 ), SI (160,5), LC( 3)
COMMON / A E R O / AM 1 , AM2 , E1 ,B 2/C L ( 30 ) ,CT ( 30) , C D ( 30 ) , G AM ( 2, 1 00^
COMMON / C O N S T / NCS ,NC W ,M1 < 8 ) / NS J, NCJ ( 5 ) ,L AS T /M J WU3 *5 ) *MJ W 2( 3
 f 5 )/ J
1 P A N E L * M J J < 5 > » N W < 3 ) ,iNNJ ,NJP '
C O M M O N / P A R A M / A LP T , AL PC / A LPS , C DF , S D F ^ TH, T D f
C O M M O N / A D D / C P ( 1 00) , C I^< 30 ) ,BR E AK ( 8) * S WP ( 8/ 1 5 ) ^GAL C 30 ) , I S Y M,VMU /VU
1 , T E M P , F C R / C A M L E R # C A M L E ' T , C A M T E R , C . A M T E T , X J , Y J , Z J , R J * A L P * C R E F , T W I S T R
COMMON / C O S T / L T O T A L * L P A N 1 * N J W < 5 ) / L P A N E L ^ I E N T N ^ L P A N 2 / E X I T / P T I A L / T W
1 I S T , D F ( 5 ) , N F P
R E W I N D . 0 3
LP1 = L T O T A L + 1
M J = L P A N E L + N C J < 1 >
M C O N = L A S T + N C J ( 1 )
IPHI=1
J L = L A S T * 1
INN = 1
LN=1
L N 1 = 1 . ' .
JNN=1
= \ / M U * A L P C
I = L A S T + 1
I1= I -JPANEL
C A L L M A T R I X ( A W , L T O T A L / L P A N E L , V M U C * I * M C O N / M J , I P H I * I N N , L N , L N 1 , T E M P /
1 L P A N 1 / I S Y . M * K C O D E / E X I T , L P A N 2 )
W R I T E (03) (AW U),K=1 x L T O T A L )
K I = 2 . .
N I = L T O T A L - 1 :
L I = L A S T + 2
V M P = V M U C
.310 K J = L I
' -- I-F— (LI— -. G-T-.— LA-ST-) -K J = L-I- J P ANEI ____ _______ ____ ; ____ _ __ _
301 CONTINUE
CALL M A T R I X ( A W/ LTOT AL ^  LP ANEL/ VMP / LI / MCON/M J / I PHI.,.I NN /LN , LN1 , T E MP /
1LPAN1,-ISYM,KCO'DE*EXIT,LPAN2'> .
W R I T E (03) <AW(K),K=1,LTOTAL) .




M J=MJ.+NCJ ( INN)
351 CONTINUE
M J I = M J J(1NN)-1
IF (KJ .EQ. MJ I) GO TO 312
GO TO 313
3 1 2 J N N = I N N
I N N = I N N + 1
313 IF (KJ ,£Q. M J J ( J N N ) ) IPHI=1
IF (LI .EQ. L T O T A L ) GO TO 355
GO TO 356








IF (LI .EQ. L T O T A L ) GO TO 361






3 6 2 C O N T I N U E
J F = L I - L A S T + L P A N E L
JP1=JP-1
IF (JP .EQ. MJJ (LND) LN1=LN1+1
IF (JP1 .EQ. MJJ (LN) ) LN=LN+1
IF (XI .LE. L T O T A L ) GO TO 310
R E T U R N
END
$ F O R T Y
$ L IM ITS * 3 1 K -
$ I N C O D E I8MF
SUBROUTINE M A T R I X ( A W r L T O T A L x L P A N E L < r V M U r I / M C O N / M J / I P H I ^ I N M / L N ^ L N l / T
TC COMPUTE THE JET ON INFLUENCE C O E F F I C I E N T M A T R I X
D I M E N S I O N S V ( 3 0 C ) / W ( 4 ) , A W ( 1 )
C O M M O N / A E R O / AM 1 / AM? , 61 ,3 2, C L ( 30 ) / C T ( 30) * C 0 (30 ), G A M C 2t 1 00 )
C O M M O N / C O N S T / N C S * N C W / M K 8 ) ^ N S J ^ N C J ( 5 ) / L A S T / M J W l ( 3 / 5 ) x M J W 2 ( 3 / 5 ) / J
1 P A N E L * M J J ( 5) / N W ( 3 ) * N N J /NJP
C O M M O N / G E O M / H ALF S W^ X CP ( 200) / YCP ( 200 ) 1 1C P( 200 ) / X L E ( 5 0 ) , Y L E( 5.0 ) /X T
IE ( 5 0 ) * P S I ( 2 0 ) * C H ( 9 5 ) / X V( 200) ^ V V( 1 00) ^ S N ( 8* 8 ) / X N ( 2 0 0 » 2) , YN (200 , 2) ,
2 ZN(200,2) / W I D T H ( 8 ) x Y C O N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B ^ S J (21/8) ,EX ( 95,2 ) , TX (
3 9 5 , 2 ) , S C ( 1 6 0 , 5 ) / S I ( 1 6 0 ^ 5 ) , L C ( 3 )
C O M M O N / P A R A M / A LP T / A L FC , A LPS , COF / SD F , THx TO F
C O M M O N / S C H E M E / C ( 2 ) / X ( 1 0 , 4 1 ) , Y ( 1 0 A 1 ) , S L O P E ( 1 5 ) , X L ( 2 , 1 5 ) , X T T ( 4 1 ) ,
1X L L ( 4 1 )
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E Q U I V A L E N C E ( X ( 1 ,1 ) ,S V (1
PI =3. 141 59265
I U S B = Y C O N < 2 4 )
D F J = C D F
V U T = V M U

































































































































































.6E. LPA NEL .AND. J ,L
L P A N 2 ) ISN=2
LPA NED ISN=3
L P A N E L ) GO TO 24
L P A N E L ) NN=NU(3 )
, M J J ( I N D ) ) N N = N C J ( I N D )
C M O R D = C H ( I Z )
IF <J .EQ. L1) GO TO 33
GO TO 34
33 ISN=ISN+1
L 1 = M J J ( I N D ) + 1
3 4_ N. L = M J J J I N OJ_-1_ _ __ _ _ _
IF <NL .EQ. L A S T 1 ) GO TO 9(T
IF (J .EQ. NL) IND-IND+1
90 C O N T I N U E
X 1 = X N ( J / 1 ) - X C P ( I J )
X 2 = X N ( J , 2 ) - X C P ( I J )
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X 1 2 = X N ( J , 2 ) - X N ( J / 1 )
Y 1 2 = Y N ( J , 2 ) - Y N ( J , 1 )
Z 1 2 = Z N ( J , 2 ) - Z N ( J , 1 )
Z 1 = Z N ( J , 1 ) - Z C P ( IJ)
z 2 = Z N ( j , 2 ) - z c p (U) . . -• : . . - . ; . •
X Z J s X 1 * Z 1 2 - z i * X T 2
DO 201 11*1*2
IF (II .EQ. 1) GO TO 2
N=1 .
GO TO 3
2 N = 2
3 C O N T I N U E
Y C = ( - 1 . ) * * N * Y C P ( I J )
Y 1 = Y N ( J , 1 ) - Y C
Y 2 = Y N ( J , 2 ) - Y C
X Y K = X 1 * Y 1 2 - Y 1 * X 1 2
Y Z I = Y 1 * Z 1 2 - Z 1 * Y 1 2
A L B 1 = X Y K * X Y K + X Z J * X Z J + B 1 * Y Z I * Y Z I
R 1 a 1 = S Q R T ( X l * X l - f B l * Y l * Y 1 + B l * Z l * Z 1 )
R 2 8 1 = S Q R T ( X 2 * X 2 + B 1 * Y 2 * Y 2 + B 1 * Z 2 * Z 2 )
U U 3 1 = ( X 2 * X 1 2 + B 1 * Y 2 * Y 1 2 * B 1 * Z 2 * Z 1 2 ) / R 2 B 1 - ( X 1 * X 1 2 + B 1 * Y 1 * Y 1 2 + B 1 * Z 1 * Z 1 2
1 ) /R1 81 '.
G 1 6 1 = ( 1 . - X 1 / R 1 B 1 ) / ( Y 1 * Y 1 + Z 1 * Z 1 )
G 2 S 1 = ( 1 . - X 2 / R 2 B 1 ) / ( Y 2 * Y 2 + Z 2 * Z 2 >
IF (I .GT. L P A N E L ) GO TO 20
F 1 = U U 3 1 * X Y K / A L 8 1
F 2 = - Y 2 * G 2 3 1 + Y l * G 1 B 1




F 1 = 2 . * F 1
F 2 = 2 . * F 2
GO TO 15
20 C O N T I N U E
IF (J .LE. L P A N E L ) GO TO 117
IF ( A B S < a 1 - B 2 ) .LE. 0 .C01) GO TO 116
A L 8 2 = X Y < * X Y K + X Z J * X Z J + B 2 * Y Z I * Y Z I
R 1 3 2 = S Q R T ( - . 1 * X 1 + B 2 * Y 1 * Y 1 + B 2 * Z 1 * Z . 1 )
R 2 3 2 = S Q R T ( X 2 * X 2 + B 2 * Y 2 * Y 2 + B 2 * Z 2 * Z 2 )
U U B 2 = ( X 2 * X 1 2 + 8 2 * Y 2 * Y 1 2 + B 2 * Z 2 * Z 1 2 ) / R 2 B 2 - ( X 1 * X 1 2 + B 2 * Y 1 * Y 1 2 + 8 2 * Z 1 * Z 1 2
1 ) / R 1 8 2
G 1 B 2 = ( 1 . - X 1 / R 1 B 2 ) / ( Y 1 * Y 1 + Z 1 * Z 1 )
G 2 B 2 = ( 1 . - X 2 / R 2 B 2 ) / ( Y 2 * Y 2 + Z 2 * Z 2 ) .
GO TO 117
116 A L 8 2 = A L 3 1 .
UUB2=UU31
G 2 B 2 = G 2 3 1
G 1 B 2 = G 1 3 1
117 C O N T I N U E
IF ( I . G T . L A S T ) GO TO 40
110
02-13-78 02.177
F 13 = UU31 * X Z J / AL81
F 12=UU81 *X Y K / A L 8 1
G 1 3 = Z 2 * G 2 B 1 - Z 1 *G131
G12 = - Y 2 * G 2 B 1 + Y 1*G1 B1
IF (J .L-E. L P A N E L ) GO TO 122 ;
F 2 3 = U U 8 2 * X Z J / A L B 2 . :
F22=UU32*X Y K / A L B 2
G 2 3 = Z 2 * G 2 3 2 - Z 1 *G182
G 2 2 = - Y 2 * G 2 B 2 + Y 1 * G 1 82





125 F1=-F13*Y(4 , IPHI ) * ( -1 . ) * * N + F 1 2 * Y ( 3 / I P H I )
F 2 = G 1 3 * Y ( 4 , I P H I ) * ( - 1 . ) * * N + G 1 2 * Y( 3*1 PHI)
F 3 = - F 2 3 * Y ( 4 , I P H I ) * ( - 1 . ) * *N+F2 2 * Y ( 3 / IP.H I >
F 4 = G 2 3 * Y ( 4 / I P H l ) * ( - 1 . ) * * N + 6 2 2 * Y ( 3 > I P H I )
I F (J .LE. L P A N E L ) GO TO 1 7
F1=F1*2.
F 2 = 2 . * F 2
F A = 2 . * F 4
F 3 = 2 . * F 3
GO TO 17
40 F 1=UU31*YZ I /ALB1
IF ( E X I T .LE. 0.001) GO TO 41
I F (NNJ .EQ. 1 ) GO TO 41
IF ( I J . . G T . LPANEL .ANC. IJ .LE. MJ J ( 1 ) ) ' VMU-1 .
IF (IJ .GT . L P A N E L .AND. IJ .LE. M J J ( 1 ) ) TEMP=1
41 CONTINUE
F2=0. . ' - - • •
IF (J .LE. L P A N E L ) GO TO 22
F 3 = U U 3 2 * Y Z I / A L B 2 .
F4=0.
F 3 = - F 3 * 2 .
F 1 = - F 1 * V M U * V M U * 2 . * T E M P
GO TO 17
22 F 1=-F1 * V M U * V M U * T E M P
17 CONTINUE
15 W ( I I ) = ( F 1 + F 2 ) * C H O R D * S N ( « I / I S N ) / (8 . *FN)
IF (J .LE. L P A N E L ) GO TO 200
I F (II . E Q . 2) GO TO 2 CO
K 2 = I I + 2
W ( K 2 ) = ( F 3 + F 4 ) * C H O R O * S N ( M I , I S N ) / ( 8 . *FN)
200 C O N T I N U E
201— CONT-INUE ------ _____ '..._... ___ _ . . _ ! _ . ' ___________ '__: ____
I F (J .LT. MM) GO TO 32
32 C O N T I N U E
111
02-18-78 02 .177
IF (J .LE. L P A N E L ) J A = J + 2 * J P A N E L
IF (J .GT. L P A N E L ) J A = J - L P A N E L + J P A N E L
A W ( J A ) = W ( 1 ) + W ( 2 )
S V ( J A ) = W ( 1 )
IF (J .LE. L P A N E L ) GO TO 16
J1=J-LPANEL
A W ( J 1 ) = W ( 3 )
V K U = V U T
16 CONTINUE
I F ( K C O D E .EQ. 0) GO TO 28
IF (IUS8 . EQ. 1 .AND. Z J E T .GT. 0.01) GO TO 60
IF ( D F J .LE. O . O C 0 1 ) GC TO 60
IF ( N N J . E Q . 1 . A N D . I .LE. L P A N E L ) GO TO 60
IF (NNJ .EQ. 1 .AND. I .GT. L P A N E L ) GO TO 66
IF (I .LE. M J J ( N 1 ) .OR. I .GT. L A S T ) GO TO 60
66 C O N T I N U E
IF ( I .GT. L A S T ) GO TO 60
IF (IPHI .EQ. NJH) GO TO 60
IF (ISYil .NE. 0 .AND. IPHI .EQ. 1) GO TO 60
IF (IPHI .LT. NJH) ILs lPHI - ISYM
IF ( IPHI .GT. NJH) IL=IPHI-NJH
R E W I N D ( 0 2 )
IF ( N N J . E Q . 1 ) M J N 1 = L P A N E L
IF (NNJ.NE.1) I*JM=MJ J (N1)
MF= IJ -MJN1- ( IPH I -1 ) *NCJ (NNJ)
F N N J s r j C J (NNJ)
D I S T J = S D F
D L X - D I S T J * 0 . 5 * P I / F N N J
S Z X = - ( 1 . - V M U )
, I Q = ( I L - 1 ) * N C J ( N N J )
C A L L S K I P ( I Q / J P A N E L )
DO 61 JJ =1 /MF
R E A D ( 0 2 ) ( S V ( K ) / K = 1 / J P A N E L )
IF (JJ .EQ. MF) GO TO 65
O X T H s O L X * P S l ( J J ) / T H
GO TO 67
6 5 D X T H = D L X * P S I ( J J ) * 0 . 5 / T H
67 C O N T I N U E
P R O D = S Z X * D X T H
DO 62 K 1 = 1 / J P A N E L
K < = K 1 + J P A N E L
62 A U ( K K ) = A W ( K K ) + P R O D . * S V ( K 1 )
61 C O N T I N U E
I Q = N C J ( N N J ) - M F + ( ( N P - 1 - I S Y M ) / 2 - 1 ) * N C J ( N N J )
CALL SKIP( IQ/JPANEL)
DO 63 J J = 1 / M F
R E A D (02) (SV(K),K=1/JPANEL)





68 D X T H = D L X * P S I ( J J ) * 0 . 5 / T H
6 9 P R O D = S Z X * D X T H
DO 64 K1=1 , JPANEL
K K = K 1 + J P A N E L
64 A W ( K K ) = A W ( K K ) - P R O D * S V ( K1 )
63 C O N T I N U E
60 C O N T I N U E
IF ( E X I T .LE. 0.001) GO TO 29
IF (NNJ .EQ. 1) GO TO 29
IF (IJ .GT. LPANEL .AND. IJ .L
IF (IJ .GT. LPANEL .AND. IJ ,L
29 CONTINUE
28 IF (I .LE. L A S T ) GO TO 70
IF (IPHI .EQ. NJH) GO TO 300
IF ( I S Y M .NE. 0 .AND. IPHI .EQ










































.GT. M J J ( N 1 ) ) GC
I .GT. NJH .AND.













I .LE. NJH) L1=1
2) .NE. 0 .AND. N
3) .NE. C) NZ=3
.LE. 3 .AND. NU(
.LE. 3 .AND. Nta(
.GE. 4 .AND. NU(
.EQ. 4 .AND. NU(













































1 )) TEMP=1 .
TO 300







K 1 = M J W 1 ( N R / N J P ) + ( I P H I - L 1 - I S Y M ) * N W ( N R ) - 1
K2 = L C ( N R ) + I P H I - L 1 - I S Y ' H
K N U = N W ( N R )
MR=3
IF (K1 .GE. 0) GO TO 4 CO
< 1 = K 1 *K N W
K2=K2+1
MR = 2
400 DO 420 N Q = 1 / M R
SUMsO.
DO 310 K K = 1 , K N W
J A=<L*2*JPANEL
310 SUM = SUM + SV(JA)
— CALL— rNTEG<RES*XNW/K-1-/K2/-I J/31-/-IR ).,
DO 315 KK=1,KNW
J A=KL+2*JPANEL
A A = 1 .
DO 320 L=1 /KNW
113
02^13-78 02.177
IF (L .EQ. KK> GO TO 320
A/» = AA*(XCP(IJ)-XV<Lt))/CXV(KL)-XV(lL»
320 CONTINUE








C O N T

















K C O D E .EQ. 0) GO TC 300
N W ( 2 ) .EQ. 0 ) N S T R I P = N C S
N W ( 2 ) .NE. 0 .AND. N W < 3 ) .
N W ( 3 ) .NE. 0) N S T R I P = N C S * 3
IPHI .LT. NJH) IP = NJH+1
IPHI .GT. NJH) IP=ISYM + 1
NNJ .EQ. 1 ) GO TO 325
IJ .GT. MJ J (N1 )) GO TO 325
NNJ iEQ. 2) GO TO 330
IJ .GT. MJJ (N2) ) GC TO 330
NNJ .EQ. 3) GO TO 381
IJ .GT. MJJ (N3 ) ) GC TO 383
NNJ .EQ. 4} GO TO 385
NNJ .EQ. 5 .AND. I J .GT. M
EQ. C) N S T R I P = N C S * 2











I Z = N S T R I P - K N N J - 3 ) * N P
GO TO 335
381 C O N T I N U E
L1=N2








I Z a l Z + I P
N T = N J T
IF ( I 'SYM .NE. 0) N T s N J T-1
114
02-18-78 02,177




K1=MJJ <L1 >-NP*NCJ(L l > + < K P - 1 ) * N C J < L l > + ( IP-1) *NCJ
00 340 KX=1 * K N W ,.
KJ=KL+JPANEL




CALL INTEG(RES,KNW,K1 ,IZ*IJ/B1*L1 )
IF ( A B S ( B l - 3 2 ) .LE. O.C01) GO TO 350
CALL INTEG ( R E F/KN W/K 1 ,1 If I J * B2rL 1 )
GO TO 355
350 R E F = R E S
355 00 360 K K = 1 , K N y






IF (L..EQ. «) GO TO 365
AA = AA*(XCP(IJ)-XV(LL)-)/(XV(KL)-XV(LL)>-
365 CONTINUE






SK = 1 .
IF (IPHI .GT. NJH) SK=-1.
j ISI-LAST + LPANEL
K = M C O N - L A S T - N C J (LN ) +L P AN'EL
J N J a N C J ( L N )
00 52 KK=1*JNJ
KL=K+KK
K J = K L + J P A N E L
1 A = K L - L P A N E L + J P A N E L
I B = K J - L A S T
AA = 1.
00 53 L=1/ JNJ ' ' • _ _ ' _ ___ ____
LL=K+L
1 F (L .EQ. KK) GO TO 53




























< I A ) s A v J < I A ) - A A * V M U * V K U * T E M P * S K
(I .EQ. .MCON .AND. I .LT. L T O T A L )
( K C O D E .EQ. 0) GO TO 71
( IUSB .EQ. 1 . A N D . Z J E T .GT. 0.01
(NNJ .EQ. 1 ) GO TO 71
( IJ .GT. MJ J(N1 )) GO TO 71
(I PHI .LE. NJH) GO TO 71
= NJH
( I S Y M .EQ. 0) L1=NJH+1
( N W ( 2 ) .EQ. 0) GO TC 170
( N W ( 3 ) .EQ. 0) GO TO 171
(IJ .GT. M J J ( N 2 > ) GO TO 82
( IJ .GT. MJ J(N3» GC TO 72
(NNJ .EQ. 4) GO TO 77
(NNJ .EQ. 5 .AND. IJ .GT. MJJ(NNJ-
TO 71
( IJ . G T . M J J ( N 2 ) ) GC TO 72
(NNJ .EQ. 3) GO TO 77
(NNJ .EQ. 4 .AND. IJ .GT. M J J ( N 3 ) >
TO 71
(NNJ .EQ. 2) GO TO 77


















^j w • v • i
77 K 1 = M J W 1 ( 1 , N J P ) + ( I P H I - L 1 - I S Y M ) * N W ( 1 ) - 1
K N W = N W ( 1 )
GO TO 73
7 2 K 1 = M J W 1 ( 2 / N J P ) + ( I P H I - L 1 - I S Y M ) * N W ( 2 ) - 1
< N W = N W ( 2 )
GO TO 73
82 K 1 = M J W 1 ( 3 , N J P ) + ( I P H I - L 1 - I S Y M ) * N W ( 3 > - 1
K N W = N W ( 3 )
73 00 74 K K = 1 , K N W
K L = K 1 + K K
J A = K L + 2 * J P A N E L
AA = 1 .
00 75 L = 1 / K N W
LL=K1+L
IF (L .EQ. KK) GO TO 75
A A = A A * ( X C P ' I J ) - X V ( L L » / ( X V ( K L > - X V ( L O )
7 5 C O N T I N U E
7 4 A W ( J A ) = A W ( J A ) - A A * V M U * V I > r U * T E M P * 0 . 5
71 C O N T I N U E
IF (KCODE .EQ. 0) GO TO 70
IF (ZJET .GT. 0.01) GC TO 70
IF (OFJ .LE. O.CC01) GO TO 70
IF (NNJ .EQ. 1) GO TO 76
IF (IJ .LE. MJJ(N1» GO TO 70
76 CONTINUE
1 F ( IPHI . EQ. NJH) GO TO 70
IF ( I S Y M .NE. 0 .AND. IPHI .EQ. 1) GO TO 70






W R I T E (02) CSV (J),J=1*JPANEL)
70 CONTINUE
VMU=VUT
TEMP=TEfl . - . . - . - : -
101 F O R M A T (10 (F11 .5))
100 FORMAT (6(5X/I3))






I F (I .E'Q. 0) GO TO 1
DO 2 J=1,I
R E A D (02) (DUMMY(K),K=1,JPANEL)
2 CONTINUE
1 R E T U R N
END
$ F O R T Y
$ INCODE IBMF
S U B R O U T I N E W I N G ( A W / L P A N E L / I t B B / L P A N 1 t L P A N 2 )
C T O C O M P U T E T H E J E T O F F INFLUENCE C O E F F I C I E N T M A T R I X
D I M E N S I O N A W . d ) / U ( 2 )
C O M M O N / A E R O / AM1 , AM2 / 81/B 2,/C L ( 30 ) ,C T ( 30 ) ,C D ( 30 ) / G AM( 2/1 00 )
C O M M O N / G E O M / H A L F S W / X C P ( 2 0 0 ) , Y C P ( 2 0 0 ) / Z C P ( 2 0 0 ) / X L E ( 5 0 ) t Y L E ( 5 0 ) / X T
1 E ( 5 0 ) / P S I ( 2 0 ) * C H ( 9 5 ) ^ X V ( 2 0 0 ) x Y V ( 1 0 0 ) / S N ( 8 ^ 8 ) > X N ( 2 0 0 « 2 ) f Y N ( 2 0 0 ^ 2 ) «
2 Z N ( 2 0 0 , 2 ) , W I D T H ( 8 ) , Y C O N ( 2 5 ) / S W E E P ( 5 0 ) , H A L F B , S J ( 2 1 * 8 ) , E X ( 9 5 , 2 ) , T X (
3 9 5 ^ 2 ) / S C (160 /5 )x SI ( 1 6 0 / 5 ) v L C ( 3)
C O M M O N / C O N S T / N C S / N C W / M 1 ( 8 ) / N S J / N C J ( 5) / L A S T / M J W1 ( 3 , 5 ) /M J W2 ( 3 / 5 )/ J





N N = N W ( 1 )
DO 16 J = 1 / L P A N E L
MI=J- IFF+1
FN = NL
IF (J .GT. L P A N 1 .AND. J ,LE. L P A N 2 ) ISN=2
IF (J .GT. L P A N 2 .AND. J .LE. L P A N E L ) ISN=3
IF <J ,GE. LPAN1 .AND. J ,LT. LPANEL) GO TO 20
GO TO 21
20 NL = NW( 2)
—-.- 1 F -("J ,GE-i -LPAN2 . A N D - J-.LT.-LPANEL-) NL = NW-(3) ,
21 CONTINUE .
X 1 = X N ( J / 1 ) - X C P ( I )
X 2 = X N ( J , 2 ) - X C P ( I )
X l 2 = X N ( J / 2 ) - X N ( J / 1 )
Y 1 2 = Y N ( J , 2 ) - Y , M ( J / 1 ) ' . . . • '
117
02-18-78 02.177
0 0 1 5 1 1 = 1 / 2
IF ( I I .EQ.1> GO TO 2
N = 1
GO TO 3
2 N = 2 • ' • . • • • - . • • • • : ' •
3 C O N T I N U E :
Y C = ( - 1 . ) * * N * Y C P ( I >
Y 1 = Y N ( J , 1 ) - Y C
Y 2 = Y N ( J , 2 ) - Y C
X Y K = X 1 * Y 1 2 - Y 1 * X 1 2
9 1=sSGRT( X1 *X1 +B8*Y1 *Y1 )
R 2 = S Q R T < X 2 * X 2 + 8 8 * Y 2 * Y 2 >
U 1 = ( X 1 2 * X 2 + B B * Y 1 2 * Y 2 ) / R 2 - ( X 1 2 * X 1 + 8 3 * Y 1 2 * Y 1 ) / R 1
U 1 = U 1 / X Y K
U 2 = ( 1 . - X 1 / R 1 ) / Y 1
U 3 = ( 1 . - X 2 / R 2 ) / Y 2
15 W ( I I ) = ( U 1 + U 2 - U 3 ) * C H ( I Z ) * S N ( M I , I S N ) / ( 8 . * F N >
A W < J > = W < 1 ) + W < 2 )





R E T U R N
END




C THIS PROGRAM DETERMINE THE OPTIMUM CAMBER SHAPE AND TWIST
C DISTRIBUTION WITH SPECIFIED LIFT AND PITCHING MOMENT CONSTRAINTS
C IN THE WING-ALONE CASE WITH ZERO LEADING EDGE SUCTION.
P A R A M E T E R IPANEL=60/ICU=6
P A R A M E T E R LLO=IPANEL**2*LL1-(I PANEL + 3)**2M"M
EQ U I V A L E N C E <8 IGCX(1/1)•A IJ(1 /1), FNWW(1,1»
DIMENSION CDGW( IPANEL)/CLGW(I PANEL)/CMGW(IPANEL)
DIMENSION AW<2CO),CA(2CO)*CDIK20)*PAMBDA(2>,BA(200>
D I M E N S I O N G A M M A C L L 1 ) / 8 C N D N ( I C W ) / V K S T D ( I P A N E L ) / T H E T A K I C W )
D I M E N S I O N A A ( 1 0 ) / F N W W ( I P A N E L * I P A N E L ) » B I G C X ( I P A N E L , I P A N E L )
DIMENSION A « I P A N E L ) / C C N S T < I P A N E L ) * C A M Z C ( I P A N E L >
D I M E N S I O N D N W W ( I C W , I P A N E L > / C X ( I C W , I C W ) , A I J ( I P A N E L , I P A N E L )
COMMON / A E R O / AN1 , AM2 ,61 « B 2 * C L ( 30 > *CT ( 30) *CD ( 3 0 > * G A M C 2* 100 )'
C O M M O N / P A R A M / A L P T / A L F C r A L P S / C O F f S D F , T H , T D F
COMMON / C L O P E / D Z D X K ( 1 C O ) / A L P A O ( 1 5 ) / G C B < 1 0 0 ) / G C B X ( 1 0 0 ) , T H E T A K ( 1 0 )
U C C X ( 1 0 0 ) / O Z D X K ( 1 0 0 ) / G A N ( 2 / 1 0 0 )
C O M M O N / A D D / C P ( 1 0 0 ) , C K ( 3 0 ) , B R E A K ( 8 ) , S W P ( 8 / 1 5 > , G A L ( 3 0 > , I S Y M , V M U / V U
1 x T E M P / F C R / C A M L E R / C A M L E T ^ C A M T E R * C A M T E T , X J ^ Y J / Z J / R J / A L P / C R E F / T W I S T R
C O M M O N / C O N S T / N C S / N C W ^ M l ( 8 ) / N S J / N C J ( 5 ) / L A S T / M J W l ( 3 / 5 ) / M J W 2 ( 3 / 5 ) / J
1 P A N E L / M J J ( 5 ) / N W ( 3 ) / N N J , N J P
COC.MON / C O S T / L T C T A L / L F A N 1 / N J W ( 5 ) ^ L P A N E L > I E N T N / L P A N 2 / E X I T / P T I A L / T W




1E(50),PSn20),CH(95),XV(200),YV(100),SN( 8,8) ,XN<200,2 ) ,YN (200, 2) ,
2 ZN(200,2),WIDTH(8),YCCN(25),SWEEP(50),HALFB,SJ(21,8),EX(95,2),TX(
395,2),SC (160,5),SI (1 60 ,5) , LC ( 3)
COMMON /IDENT/ DZDXK1(100),GAM1(100),CAMZC1(100),ALPA01(20),YLE1(2
10)
13 FORMAT (4F10.5, 110)
1 4 F O R M A T ( 1 H , ' C O B A R , C L 3 A R , C M B A R , D E L T A , M A X P ' )
C A L L I N V R C X ( THE TA I ,B 0 f^DN, A A/ I PAN EL,B I G C X , A K , 1C W, C X )
C A L L W A L N 0 2 ( A I J , A W , F N W W , I P A N E L , B A , D N W W , I C W , C X )
C
C * * * T H E O R E T I C A L MINIMUM I N D U C E D D R A G C O E F F I C I E N T , L I F T C O N S T R A I N T ,
C P I T C H I N G M O M E N T C O N S T R A I N T , I N IT IAL S T E P S I Z E , M A X I M U M NUMBER OF
C I T E R A T I O N S *'**
W R I T E (6,1 4)
R E A D ( 5 , 1 5 ) C D B A R , C L B A R , C M B A R , D E L T A , M A X P
W R I T E <6,13) C D 8 A R , C L 3 A R , C M B A R , D E L T A , M A X P
C
DO 91 J = 1 / L P A N E L
G A M M A ( J ) = 0 . 0
91 C O N T INUE
N=C
C
38 N s . N + 1
W R I T E (6,200) D E L T A , N
200 F O R M A T (1H , ' T H E C O M P U T E D S T E P SIZE, D E L T A = « ,F10 .3 ,5X , * AT ' , I 3 , * T H
1 I T E R A T I O N ')
DO 31 I=1 ,LPANEL
G A M ( 1 , I ) = G A M M A < I )
G A M ( 2 , I ) = G A M M A ( I )
31 C O N T I N U E
C A L L W A L N 0 3 ( G A K K A , D E L T A , A W , C A , C D I I , C L B A R , C M B A R , P A M B D A , N , I PAN EL,
1 A I J ) .
IF ( N . E Q . 1 ) GO TO 79
IF ( C D I I <N ) . L T . C D B A R ) GO TO 29
IF ( A B S ( ( C D I I ( N ) - C D B A R ) / C D B A R ) .LT. 0 .05 ) GO TO 60
IF ( C D I I ( N ) .GT. CDIKN-1 ) ) GO TO 39
GO TO 79
29 CDI I (N)=CDI I (N-1 )
39 C O N T I N U E
D E L T A = 0 . 5 * D E L T A
DC 49 I=1 ,LPANEL
G A M M A ( I ) = G A M ( 1 , 1 )
G A M M A ( I ) = G A M ( 2 , I )
4 9 C O N T I N U E
GO-^TC-68 - -_ __ •_' _
7 9 C O N T I N U E - • - - - - . - _
C A L L W A L N 0 4 ( G A M M A , D E L T A , P A M B D A , C A , V K S T D , C D G W , C L G W , C M G W , I P A N E L
1 ,A IJ )
68 C O N T I N U E





DO 81 I=1 /LPANEL
G A M ( 1 / I ) = G A M M A ( I )
G A M ( 2 / I ) = G A M MA ( I )
81 C O N T I N U E ;;.. ;
C A L L W A L N 0 5 ( A K , C A M Z C / C O N S T / G A M M A , 8 A )
00 71 I = 1 / L P A N E L
C P ( I ) = 2 . * G A M M A ( I ) * A L P C .
71 C O N T I N U E
W R I T E (6,9)
9 F O R M A T ( 1 H / ' O P T I M U M P R E S S U R E L O A D I N G I N T H E W I N G A L O N E C A S E 1 )
W R I T E ( 6 / 8 ) (CPU) ,1=1 / L P A N E L )
8 F O R M A T <1H /6F10.5 )




SUBROUTINE WALN02 ( AIJ /AW/FNWW/ IPANEL/BA/DNWW,ICW/CX)
C SET UP THE T R A N S F O R M A T I O N M A T R I X 'A(I/J)'
DIMENSION AIJ(IPANEL/1),AW(1)/FNWW(IPANEL/1)/BA(1)/DNWW(ICW/1)
D I M E N S I O N C X U C W / 1 )
C O M M O N / C L O P E / D Z D X X ( 1 C O ) / A L P A O ( 1 5 ) , G C 8 ( 1 0 0 ) / G C B X ( 1 0 0 ) / T H E T A K (10)
1 / C C X ( 1 0 0 ) / O Z D X K ( 1 0 0 ) / G A N < 2 / 1 0 0 )
C O M M O N / C O N S T / N C S / N C W , M 1 ( 8 ) / N S J / N C J ( 5 ) , L A S T , M J W 1 ( 3 * 5 ) , M J W 2 ( 3 / 5 ) * J
1 P A N E L / M J J < 5 ) / N W ( 3 ) f N N J / N J P
C O M M O N / C O S T / L T Q T A L / L F A N l * N J W ( 5 ) / L P A N E L / I E N T N * L P A N 2 / E X I T # P T I A L * T W
1 I S T / D F ( 5 ) / N F P
L 1 = L P A N E L + 1
IF ( N W ( 2 ) . E Q . O ) GO TO 5
R E W I N 0 0 1
DO 1 1 = 1 / L P A N E L
R E A D (01) < A W < K ) / K = 1 / L 1 )
DO 1 J = 1 / L P A N E L
F N W W ( I /J ) = AW( J )
1 C O N T I N U E
R E WI N D 0 8
DO 2 1=1,LPANEL
W R I T E (03) ( F N W W U / I ) / J = 1 / L P A N E L )
2 C O N T I N U E
R E W I N D 0 4
DO 3 1=1/LPANEL
R E W I N D 08
R E A D (04) ( A W ( L ) / L = 1 / L P A N E L )
0 0 4 J = 1 / L P A N E L
A I J ( I /J )=0.0 .
R E A D (08) ( B A ( L ) / L = 1 / L F A N E L )
DC 4 K = 1 / L P A N E L
4 A I J ( I / J ) = A I J ( I / J ) + A W ( K ) * B A ( K )




5 C O N T I N U E
R E W I N D 01 .
D 0 1 6 I = 1 > N C S
DO 17 M=1,NCW
R E A D (01) < A W ( K ) , K = 1 / L 1 >
DC 18 N = 1 / L P A N E L
18 D N W W < M , N ) = A W ( N )
17 C O N T I N U E
DO 6 I K s 1 / N C W
DO 6 J J = 1 / L P A N E L
I I * ( 1 - 1 ) * N C W + I K
A IJ ( I I /JJ)=0.0
DO 7 L = 1 x N C W
7 AIJUI,J J ) = A I J < H , J J ) + C X < I K * L ) * D N U U < L s J J )
6 C O N T I N U E
16 CONTINUE
10 C O N T I N U E
R E T U R N
END
$ F O R T Y$ INCODE IBM'F
SUBROUTINE W A L N 0 3 ( G A r t l * A , D E L T A r A W , C A , C D I I , C L B A R , C M B A R , P A M B D A , N ,
1 I P A N E L / A I J )
C F IND T H E W I N G A L O N E V O R T E X S T R E N G T H A T T H E N-TH I T E R A T I O N
D IMENSION A W < 1 ) / CA (1 ) , G A M M A < 1 ) / C D I 1(1 ) / P A M B D A d ) / A IJ ( I PAN E L/1 )
C O M M O N / A E R O / A M 1 , A M 2 / E 1 , B 2 / C L ( 3 0 ) , C T ( 3 0 ) , C D ( 3 0 ) / G A M ( 2 , 1 0 0 )
C O M M O N / C L O P E / D 2 D X K ( 1 C O ) , A L P A O ( 1 5 ) x G C B ( 1 0 0 ) * G C 3 X ( 1 0 0 ) * T H E T A K ( 1 0 )
1 , C C X ( 1 0 0 ) / O Z D X K < 1 0 0 ) , 3 ^ ( 2 , 1 0 0 )
COMMON / C O N S T / N C S / N C W , M 1 ( 8 ) * N S J / N C J ( 5 ) / L A S T , M J W 1 ( 3 , 5 ) , M J W 2 ( 3 t 5 ) r J
1 P A N E L / M J J ( 5 ) / N W ( 3 ) / N N J , N J P
C O M M O N / G E O M / H A L F S W v X C P ( 2 0 0 ) / Y C P ( 2 0 0 ) / Z C P ( 2 0 0 > / X L E ( 5 0 ) / Y L E ( 5 0 ) / X T
1 E ( 5 0 ) / P S I ( 2 0 ) / C H ( 9 5 ) / X V ( 2 0 0 ) / Y V ( 1 0 0 ) / S N ( 8 / 8 ) , X N ( 2 0 0 , 2 ) , Y N < 2 0 0 , 2 > ,
2 Z N ( 2 0 0 / 2 ) / W I O T H ( 8 ) / Y C C N ( 2 5 ) / S W E E P < 5 0 ) / H A L F B / S J ( 2 1 / 8 ) / E X < 9 5 / 2 ) / T X <
3 9 5 / 2 ) / S C ( 1 6 0 / 5 ) / S I ( 1 6 0 / 5 ) , L C ( 3 )
C O M M O N / C O S T / L T O T A L / L F A N 1 / N J W ( 5 ) , L P A N E L * I E N T N , L P A N 2 / E X I T , P T I A L / T W
1 I S T , D F ( 5 ) / N F P
P 1 * 3 . 1 4 1 5 9 2 6 5
L 1 = L P A N E L + 1
L 2 = L P A N E L + 2
L3 = LPANEL+ 3
R E W I N D 0 8
DO 71 I = 1 / L P A N E L
DO 72 J - 1 / L P A N E L
IF (J .EQ. I) GO TO 73
C A < J ) = 0 . 0
• GJ0~TO '72 — : .....__._ i_'_:.-...; .:
73 C A ( J ) = 1 . 0
7 2 C O N T I N U E
C A ( L 1 ) = P I * * 2 * G C B ( I ) / ( H A L F S W * 2 . ) * D E L T A
C A ( L 2 ) = P I * * 2 * G C B X ( I ) / < H A L F S W * 2 . ) * D E L T A
A D G W = 0 . '
121
02-13-78 02.177
00 74 K = 1 , L P A N E L
A D G W = A D G W - ( G C B ( I ) *A IJ ( I , K ) + GCB ( K ) * A IJ (K,I)) * G A M ( 1 , K )
7 4 C O N T I N U E
CA(L3)=ADGW *PI**2*DELTA/ (HALFSW*2. )
W R I T E (08) (CA(KK) ,KK=1,L3)







W R I T E (08) (CA(J),J=1,L3)
00 76 L = 1 * L P A N E L
C A ( L ) = G C B X ( L ) * P I * P I / ( H A L F S W * 2 . )
76 C O N T I N U E
C A ( L 1 ) = 0 . 0
C A ( L 2 ) = 0 . 0
C A ( L 3 ) « C M I I - C M B A R
W R I T E (08) ( C A ( J i /J = UL3)
R E W I N D 0 3
R E A D (08) ( A W ( I), 1 = 1,1.3)
DO 77 I=1 /L2
G A M M A (I ) = - A W ( I + 1 ) / AW( 1 )
77 C O N T I N U E
NJ=L2-1
DO 73 IJ=2,L2
R E A D (08)
C A L L V M S E Q N ( N J , IK , AW , GAMM A, C A )
NJ=NJ-1
78 C O N T I N U E
P A M B D A ( 1 ) = G A M M A ( L 1 )
P A M 8 D A ( 2 ) = G A M M A ( L 2 )
DO 36 1 = 1 , L P A N E L
G A M M A ( I ) = G A M ( 1 ^ I ) + G A M M A ( I )
3 6 C O N T I N U E
DO 21 I = 1 , L P A N E L
D Z D X K ( I ) =0.0
DO 22 J = 1 , L P A N E L
D Z D X K ( I ) = D Z D X K ( I ) + A I J ( I , J ) * G A M M A ( J )
22 C O N T I N U E
21 C O N T I N U E
C L I I - 0 . 0
C M I I = 0 . 0




C M I I = C M 1 I + G C B X ( I ) * G A M t f A ( I )
122
02-18-78 02.177
50 C O N T I N U E
CDII (N)=-PI**2*CDII (N) / ( H A L F S W * 2 . )
CL I I=P I *P I *CL I I / ( H A L F S W * 2 . )
CMI I=PI*PI*CMI I / ( H A L F S U * 2 . )
W R I T E (6,134) CDI I (N)
134 F O R M A T (1H ,' I N D U C E D D RAG COE F F 1C I ENT > CD11 = ' ,F15.5 )
W R I T E (6 ,135) CLII
135 F O R M A T (1H , 'LIFT COEFFIC IENT, CL I I-* ,F 1 5 . 5 >
W R I T E (6,136) CMII
136 F O R M A T C1H ^ ' P I T C H I N G FOMENT C O E F F I C IENT ,CMI1 = ' ,F15 .5 )
R E T U R N
END
S F O R T Y
$ I N C O D E I9MF
S U B R O U T I N E U A L N 0 4 ( G A M M A , D E L T A ,P A M B D A , C A , V K S T D , C D G W , C L G W , C M G W ,
1 I P A N E L , A I J )
C C A L C U L A T E THE S T E P S I Z E BY ONE D I M E N S I O N A L O P T I M I Z A T I O N
C T E C H N I Q U E
DIMENSION C A ( 1 ) / V K S T D ( 1 > , C D G W ( 1 ) , C L G W (1 ) , CMGW (1 ) / - G A M M A ( 1 )
D I M E N S I O N P A M B D A C 1 ) / A I J ( I P A N E L , 1 )
C O M M O N / C L O P E / D Z D X K ( 1 0 0 ) / A L P A O ( 1 5 ) , G C B ( 1 0 0 ) , G C 8 X ( 1 0 0 ) / T r i E T A K ( 1 0 )
1 , C C X ( 1 0 0 ) , O Z D X K ( 1 0 0 ) , G A N ( 2 , 1 0 0 )
C O M M O N / G E O M / H A L F S W , X C P ( 2 0 0 ) , Y C P ( 2 0 0 ) , 2 C P ( 2 0 0 ) , X L E ( 5 0 ) , Y L E ( 5 0 ) / X T
1 E ( 5 0 ) / P S I ( 2 0 ) , C H ( 9 5 ) , X V ( 2 0 0 ) > Y V ( 1 0 0 ) , S N ( 8 , 8 ) / X N ( 2 0 0 / 2 ) , Y N ( 2 0 0 , 2 ) /
2 Z N ( 2 0 0 , 2 ) / W I D T H ( 8 ) / Y C C N ( 2 5 ) , f S W E E P ( 5 0 ) ^ H A L F B , S J ( 2 1 , 8 ) , E X ( 9 5 , 2 ) , T X (
3 9 5 / 2 ) / S C ( 1 6 0 * 5 ) , S I ( 1 6 0 / 5 ) / L C ( 3 i
C O M M O N / C O S T / L T O T A L / L P A N l / N J W ( 5 ) / L P A N E L , I E N T N / L P A N 2 x E X l T / P T I A L x T W
1 I S T , D F ( 5 ) / N F P
P I = 3 . 1 4 1 5 9 2 6 5
DO 12 I = 1 / L P A N E L
C A ( I ) = 0 . 0
DO 13 J = 1 / L P A N E L
C A ( I ) = C A ( I ) - K G C B ( I ) * A I J ( I /J) + G C B ( J ) *A I J(J, I ) ) * GAMMA (J )
13 C O N T I N U E
C D G W ( I ) = - P I * P I * C A ( I ) / ( H A L F S W * 2 . )
12 CONTINUE
DO 15 I = 1 x L P A N E L






V K S T D ( I ) = 0 . 0
V K S . T D < I ) * V K S T D < I ) - ( C D G W < I ) + P A M B O A ' ( 1 ) * C L G W ( I ) + P A M B D A ( 2 ) * C M G W ( I ) >
- 90— CONT_ I .NUE- - '. _'C D G w i = o . o . . : "" " —-
C D G W 2 = 0 . 0
DO 92 J = 1 x L P A N E L
O D G W = 0 . 0





C D G W l = C D G W 1 + D D G W * G A M M A < J ) .
CDGW2=CDGW2+DDGW*VKSTD(J)









C FIND THE C A M B E R O R O I N A T E S AND LOCAL ANGLE OF ATTACK
DIMENSION ALPA<15) :
DIMENSION AK(1),CAMZC(1)/CONST<1),GAMMA(1)/8A(1)
C O M M O N / C L O P E / D Z D X K ( 1 G O ) / A L P A O ( 1 5 ) / G C 8 ( 1 0 0 ) / G C B X < 1 0 0 ) / T H E T A K < 1 0 )
1 * C C X ( 1 Q O ) * O Z D X K ( 1 0 0 ) * G A N ( 2 . * 1 0 0 )
COW WON /CONST/ NCS,NCW,M1(8)/NSJ,NCJ(5)/LAST,MJW1.<3,5),MJW2<3,5),J
1PANEL/MJJ(5)/NW(3)^NNJ,NJP
C O M M O N / C O S T / L T O T A L * L P A N 1 / N J . W ( 5 ) / L P A N E L ^ I E N T N / L P A N 2 / E X I T * P T I A L / T W
1 I S T , D F ( 5 ) , N F P
C O M M O N / G E O M / H A L F S W , X C P ( 2 0 0 ) * Y C P ( 2 0 0 ) * Z C P ( 2 0 0 ) / X L E ( 5 0 ) / Y L E ( 5 0 ) * X T
1 E < 5 0 ) , P S I ( 2 0 ) / C H < 9 5 ) x X V < 2 0 0 ) , Y V C 1 0 0 ) , S N < 8 / 8 ) ^ X N ( 2 0 0 ^ 2 ) * Y N ( 2 0 0 , 2 ) ,
2 Z N ( 2 0 0 , 2 ) , W I D T H < 3 > , Y C O N ( 2 5 > , S W E E P < 5 0 ) , H A L F 8 / S J ( 2 1 , 3 ) , E X ( 9 5 , 2 > / T X <
3 9 5 , 2 ) , S C ( 1 6 0 / 5 ) / • $ ! ( 160,5) ,LC (3 )
C O M M O N / I D E N T / D Z D X K l < 1 0 0 ) / G A M 1 ( 1 0 0 ) / > C A M Z C 1 ( 1 0 0 ) / A L P A 0 1 ( 2 0 ) # Y L E 1 ( 2
10)
P I = 3 , 1 4 1 5 9 2 6 5
N W 2 = N W ( 1 ) + N W ( 2 )
IF ( N W < 2 > .EQ. 0 ) GO TO AS
I I=NCS*1
IF ( N g ( 3 ) .NE. 0) GO TC 50
C H O R D = C H ( 1 ) + CH( II)
X X 1 = C H ( 1 ) / C H O R D
T H E T A 1 = A R C O S ( 1 . - 2 . * X X 1 )
T H E T A 2 = P I
GO TO 51
5 0 I I I = I I * N C S
CHORD = CH(1 )+CH (I I)+CH( II I)






48 T H E T A 1 = P I
4 9 C O N T I N U E
W R I T E ( 6 / 1 0 2 )




DO 23 KI-1 / N C S :
DO 25 N = 1 / N C W
N A = ( K I - 1 ) * . M C W + N
A K ( N A ) = 0 , . 0
FN=N-1
DO 27 L = 1 / N C W -
IF ( L . L E . N W C 1 > > K B = ( K I - 1 ) * N W < 1 )+L
IF ( L . G T . N W d ) .AND. L .L E . NW2 ) KB=LPAN 1 •»• ( K 1-1 ) *N W( 2) +L-NU( 1 )
IF ( L . G T . N W 2 ) KB = LPAN2-KKI-1> * N W ( 3 ) + L-NW2
IF (L ,LE. N W ( 1 » GO TC 100
IF (L .GT. NW.CI) .AND. L .LE. NW2) GO TO 200
I F (L .GT. N W 2 ) GO TO 300
100 FN*=Nirf<1)
T H E T A = T H E T A 1
GO TO 400
200 F N U = N W ( 2 )
T H E T A = T H E T A 2 - T H E T A 1
GO, TO 400
3 0 0 F N W = N W ( 3 )
T H E T A = P I - T H E T A 2
400 C O N T I N U E
A K < N A ) = A K < N A ) + T H E T A * D Z D X K ( K B ) * C O S ( F N * T H E T A K < L > ) / C F N W * P I >
27 C O N T I N U E
IF ( N . G T . 1 ) AK (NA) =2. * A K ( N A )
25 CONTINUE .
C O N S T 1 = 0 . 0 .
C O N S T 2 = 0 . 0
DO 88 J = 3 / N C W
KG=«I-1 )*
C O N S T 1 = C O N S T 1 + 0 . 2 5 * A K « G ) * ( 1 ./( 1.-GO+1 ./ (1 .+GK»
C O N S T 2 = C O N S T 2 + 0 . 2 5 * A K ( K G ) * ( 1 . / ( 1 . -GK) * COS « 1 . -GK) *P I )+1 . /<1 .+6K) *C
1 0 S < ( 1 . + G K ) * P I > >
88 C O N T I N U E
C O N S T 3 = 0 . 1 2 5 * A K ( K 2 )
C O N S T C K I ) = C O N S T 1 + C O N S T 3
A L P A O ( K I ) s C O N S T 2 - C O N S T l - A K ( K 1 ) .
A L P A ( K I ) = A L P A O (KI) *180./PI





_____ C-AMZ C .(MM..) - C AM.Z C < MH_)jrO ..25 *,A K^KD ) * CJ_. / ( 1 .-FK) * C 0 S « 1 . - F K ) * T H E TA K ( M) )
1+ 1./(1. + FK) *COS«1 ,+FK)*THETAK(M)) ) ----- -----
30 CONTINUE
CONST4=-CONST3*COS(2.*THETAK(M)>




29 C O N T I N U E
K1=KH-NCW
K 2 = K 2 * N C W
W R I T E (6*126) K I / Y L E ( K I ) / K I / A L P A ( K I )
126 F O R M A T <1H / ' Y L E ( • / 12 , ') = ' / F1 5 . 5/ 5 X, • A L P A O ( ' * I 2 ,
23 C O N T I N U E .
W R I T E (6/1 290
1 2 9 F O R M A T ( 1 H / ' T H E C A M B E R O R D I N A T E S I N T H E W I N G A L O N E C A S E 1 )
W R I T E (6,127) ( C A M Z C ( J J ) / J J = 1 / L P A N E L )
127 F O R M A T (1H / 6 F 1 0 . 5 )
DO 60 I=1 /NCS
Y L E 1 (n = Y L E ( I )
A L P A 0 1 ( I ) « A L P A O ( I )
60 C O N T I N U E
00 65 J = 1 / L P A N E L
C A M Z C 1 ( J ) = C A M Z C ( J )
D Z D X K 1 ( J ) = D Z D X K ( J )
G A M 1 ( J ) = G A M M A ( J )
65 CONTINUE
R E T U R N
END
$ LINK L INK44 / .L INK33
$ F O R T Y
$ I N C O O E I3MF/
S U B R O U T I N E I N V K T X
C I N V E R T T H E A U G M E N T E D M A T R I X O F T H E B O U N D A R Y C O N D I T I O N S
P A R A M E T E R J P A N E E = 8 0 / 1 P A N E L = 6 0
P A R A M E T E R I T O T A L * 2 * J P A N E E + IPANEL
D I M E N S I O N 8 I G T R X ( I T O T A L / I T O T A L ) * C O N D N ( I T O T A L ) , A U ! C 3 0 0 )
COMMON / C O S T / L T O T A L ^ L F A N 1 / N J W ( 5 ) / L P A N E L ^ I E N T N / L P A N 2 / E X I T / P T I A L / T W
1 I S T x D F ( 5 ) * N F P
C O M M O N / C O N S T / N C S / N C W , M 1 ( 8 ) / N S J , N C J ( 5 ) / L A S T / M J W 1 ( 3 t 5 ) / M J W 2 ( 3 / 5 ) * J
1 P A N E L / M J J (5 ) / N W ( 3 ) /NNJ /NJP
C A L L J E T N 0 3 ( I T O T A L / A W / C O N D N / B I G T R X )
R E T U R N
E N D
$ F C R T Y
$ ^CODE IBMF
S U B R O U T I N E J E T N 0 3 ( I T 0 T A L / A W / C O N D N / B I G T R X )
C I N V E R T T H E A U G M E N T E D M A T R I X B Y H.E.M.P. S U B R O U T I N E
DIMENSION A W ( 1 ) / C O N D N ( 1 ) / B I G T R X ( I T O T A L / 1 )
C O M M O N / C O S T / L T O T A L / L P A N 1 / N J W ( 5 ) / L P A N E L / I E N T N / L P A N 2 / E X I T / P T I A L / T W
1 I S T / D F ( 5 ) / N F P
C O M M O N / C O N S T / N C S / N C W / M 1 ( S ) / N S J / N C J ( 5 ) / L A S T / M J W 1 ( 3 / 5 ) / M J W 2 ( 3 / 5 ) / J
1 P A N E L / M J J ( 5 ) / N W ( 3 ) / N N J / N J P
R E y I N D 0 3
DO 5 I = 1 x L T O T A L
R E A D (03 ) ( A W ( K ) / K = 1 , L T O T A L )
DO 6 J = 1 / L T O T A L
8 I G T R X ( I / J ) = A W ( J )
6 C O N T I N U E
126
: 02-18-78 02.177
5 C O N T I N U E
L T O = L T O T A L
C A L L S E T O I M ( 8 I G T R X , L T G , L T 0 )
C A L L HEMINV ( B I G T R X , L T O f C O N D N )
R E W I N D 09 .
00 9 1 = 1 * L T O T A L
W R I T E (09) (B IGTRX( I , .n ,J=1 ,LTOTAL)
9 C O N T I N U E
R E T U R N
END
$ LINK L I N K 5 5 / L I N K 4 4
$ F O R T Y
$ I N C O D E IBMF
S U B R O U T I N E C O M J E T UCODE)
C FIND A L L M A T R I C E S A R E N E E D E D A N D S T O R E T H O S E M A T R I C E S O N FILES
P A R A M E T E R I R A N E L = 6 0 , 1 C U = 6 , J P A N E E = 8 0
P A R A M E T E R J 1 = 2 * J P A N E E , J 7 = J P A N E E + I P A N E L
E Q U I V A L E N C E (B I G C X ( 1 , 1 ),AIJ(1,1))
E Q U I V A L E N C E ( R H S I D E ( 1 / 1 ) , B I J ( 1 , 1 ) )
D I M E N S I O N A I J ( IPANEL, I PANEL) ,B I J ( I P A N E L * J P A N E E )
DIMENSION F N W W ( IPANEL / I P A N E L ) / F N W J ( I P A N E L , J P A N E E )
D I M E N S I O N A W ( 3 0 0 ) , B A ( 3 C O ) * C A ( 3 0 G ) , T H E T A I ( 1 0 ) , D A < 3 0 0 ) • A K < I P A N E L )
D I M E N S I O N 9 I G C X ( I P A N E L / I P A N E L ) , B O N D N ( I C W ) , A A ( 1 0 ) , C X ( 1 C W , I C U)
D I M E N S I O N t f H S I D E C J P A N E E / ' I P A N E L )
C O M M O N / A E R O / A M 1 , A M 2 , 6 1 * 8 2 * C L C 3 0 ) , C T ( 3 0 ) , C D ( 3 0 ) , G A N ( 2 , 1 0 0 )
C O M M O N / A D D / C P ( 1 0 0 ) * C P ( 3 0 ) , B R E A K ( 8 ) , S W P ( 8 , 1 5 ) * G A L ( 3 0 ) , I S Y M , V M U , V U
1 * T E M P * F C 3 , C A M L E R * C A M L E T , C A M T E R , C A M T £ T , X J , Y J , Z J , R J , A L P , C R E F , T W I S T R
C O M M O N / C O N S T / N C S , N C W , M 1 ( 8 ) / N S J , N C J ( 5 ) , L A S T , M J W 1 ( 3 , 5 ) , M J W 2 ( 3 * 5 ) , J
1 P A N E L , M J J ( 5 ) / N W ( 3 ) , N N J , N J P
C O M M O N / C L O P E / D Z D X X ( 1 C O ) » A L P A 0 ( 1 5 ) / G C B ( 1 0 0 ) r G C B X ( 1 0 0 ) , T H E T A K ( 1 0 )
1 , C C X ( 1 0 0 ) , 0 2 D X K ( 1 0 0 ) / G A N ( 2 / 1 0 0 )
C C F M O N / G E O M / H A L F S W / X C P ( 2 0 0 ) , Y C P ( 2 0 0 ) / Z C P . ( 2 0 0 ) , X L E ( 5 0 ) , Y L E ( 5 0 ) , X T
1 £ ( 5 0 ) , P S I ( 2 0 ) , C H ( 9 5 ) , X V ( 2 0 0 ) , Y V ( 1 0 0 ) / S N ( 8 / 8 ) / X N ( 2 0 0 / 2 ) / Y N ( 2 0 0 * 2 ) ,
2 Z N ( 2 0 0 , 2 ) * W I D T H ( 8 > , Y C O N ( 2 5 > , S W E E P ( 5 0 > * H A L F B , S J ( 2 1 , 8 > , E X ( 9 5 , 2 ) , T X (
3 9 5 , 2 ) / S C ( 1 6 0 , 5 ) , S I ( 1 6 0 / 5 ) / L C ( 3 )
C O M M O N / P A R A M / A L P T / A L F C / A L P S * C D F , S D F / T H , T D F
C O M M O N / C O S T / L T O T A L * L P A N 1 , N J W ( 5 ) , L P A N E L , I E N T N , L P A N 2 , E X I T , P T I A L / T W
1 I S T , D F ( 5 ) / N F P
C A L L J E T N 0 4 ( B A / R H S I D E , J P A N E E , K C O D E )
C A L L J E T N 0 5 ( J 7 / A W / C A , R H S I D E / J P A N E E )
C A L L J E T N 0 6 ( A W , B A , C A , A I J , B I J , F N W W x F N W J / I P A N E L , J 1 / J 7 / C X , I C W )
R E T U R N
END
$ F O R T Y
$ INCODE I3MF
SU8ROUTI-NE JE-T-NOA ( 8 A > R H S - I D E / J P A N E E v K C O D E - ) •-'- -
C SET UP THE R I G H T HAND SIDE M A T R I X OF THE B O U N D A R Y C O N D I T I O N S FOR
C I N D E X = 1
DIMENSION 8A(1 ),RHSIDE (JPANEE/1)
C O M M O N / A E R p / AM 1, AM2 /• 81 *B2x C L ( 30 ) ,C T ( 30) / C D ( 30)/ GAM ( 2, 1 00)
C O M M O N / A D D / C P ( 1 00) / C !*.< 30 ) xB R E AK ( 3) , S WP ( 8/ 1 5 ) , GAL ( 30) > I S Y M, VMU /VU
127
02-18-78 02.177
1 , T E M P , F C R , C A M L E R , C A M L E T , C A M T E R * C A M T E T , X J , Y J , Z J , R J , A L P / C R E F , T W I S T R
C O M M O N / C O N S T / N C S , N C W / M 1 ( 8 ) * N S J / N C J ( 5 ) < L A S T , M J W 1 ( 3 , 5 ) , M J W 2 ( 3 , 5 ) , J
1 P A N E L / M J J < 5 ) , N W ( 3 ) , N N J / N J P
C O M M O N / C O S T / L T O T A L , L P A N 1 , N J W ( 5 ) , L P A N E L , I E N T N , L P A N 2 * E X I T , P T I A L / T U
1 I S T , D F ( 5 ) , N F P
C O M M O N / G E O M / H A L F SW, X CP (200) / Y CP ( 200) :,;l C P ( 200 ) ,XLE ( 50) , Y LE ( 50) ,X T
1E ( 5 0 ) / P S I ( 2 0 ) , C H ( 9 5 ) , X V ( 2 0 0 ) , Y V ( 1 0 0 ) / S N ( 8,8 ) ,X N( 200, 2) / > Y N < 200* 2) ,
2 Z N ( 2 0 0 , 2 ) / W I D T H ( 8 ) / Y C C N ( 2 5 ) , S W E E P ( 5 0 ) / H A L F B , S J ( 2 1 , 3 ) / E X ( 9 5 * 2 ) , T X (
3 9 5 , 2 ) , S C ( 1 6 0 , 5 ) , S I ( 1 6 0 , 5 ) , L C ( 3 )
C O M M O N / P A R A M / A L P T / A L P C / A L P S * C D F , S D F / T H , T O F
C O M M O N / S C H E M E / C ( 2 ) , X ( 1 0 , 4 1 ) , Y ( 1 0 , 4 1 ) , S L O P E (1 5 ) , X L ( 2 / 1 5 ) * X T T U 1 ) ,
1 X L L < 4 1 )
V M U C = V M U * A L P C
I P H I = 1
M J = L P A N E L + N C J ( 1 )
I N N = 1
JNN = 1
DO 1 K I = 1 / J P A N E L
LI=LAST+KI
KJ=LI
IF (LI .GT. LAST) KJ=LI-JPANEL
CALL STREAM (ALPHA/VMUC,LI, IPHI,LPANEL^TEMP/LPAN1,LPAN2/ISYM,
KCODExEX IT/MJ/1/8A)
IF (KJ .LT. MJ .OR. KJ ,EQ. LAST) GO TO 50
I PHI = IPH1+1
MJ=MJ+NCJ( INN)
50 CONTINUE
MJI = MJJ( INN)-1
IF (KJ .EQ. MJI) GO TO 55
GC TO 60
55 J N N = I N N
INN=INN+1




R E T U R N
END
$ F O R T Y
$ I N C O D E I 3 M F
S U B R O U T I N E J E T N 0 5 ( J 7 / A W , C A , R H S I D E / J P A NEE)
C F IND T H E D E R I V A T I V E S O F ( D G O J / D G W O ) A N D ( D G W A / D G W O ) A N D S T O R E
C T H O S E D E R I V A T I V E S ON FILE (12)
D I M E N S I O N A W ( 1 ) , R H S I D E ( J P A N E E / 1 ) / C A ( 1 ) -
C O M M O N / C O N S T / N C S ^ N C W , M 1 ( 8 ) / N S J / N C J ( 5 ) ^ L A S T - , M J W 1 ( 3 ^ 5 ) * M J W 2 ( 3 / 5 ) x J
1 P A N E L / M J J ( 5 ) / N W ( 3 ) ^ N N J x N J P
C O M M O N / C O S T / L T O T A L ^ L P A N 1 * N J W ( 5 ) ^ L P A N E L * I E N T N * L P A N 2 * E X I T * P T I A L / T W
1 I S T x D F ( 5 ) * N F P
R E W I N D 1 2
DO 1 1 = 1 » L P A N E L
R E W I N D 0 9
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DO 3 L = 1 * J P A N E L
R E A D (09) ( A W ( M ) , M = 1 , L T O T A L )
3 C O N T I N U E
DO 2 J = 1*J7
R E A D (09) (AW(M),M=1,LTOTAL)
C A(J)=0.0 .
DO 2 K=1*JPANEL :
2 C A(J )=CA(J )+AW(K)*RHSI DE(K,I)





SUBROUTINE J ET N06 ( A W, B A/ CA / A I J ,BIJ , FNWW/F NWJ , I P AN EL ,J 1 *J7,CX,ICW)
C FIND THE MATRICES (A) AND ( B) AND STORE THOSE MATRICES
C ON FILE (11) , ALSO COMPUTE THE DERIVATIVES OF CAMBER SLOPES AND
C STORE IT ON FILE (10)
DIMENSION AW(1),8A(1),CA(1),AIJ(IPANEL*1)*BIJ( I PANEL*!)'
DIMENSION FNWWdPANEL* 1) ,FNWJ ( IPANEL/1 ),CX(ICW* 1)
COMMON /CONST/ NCS*NCW,M1(8)/NSJ*NCJ(5),LAST,MJW1(3,5),MJW2(3,5)*J
1PANEL,MJJ (5)*NW(3) *NNJ *NJP




DO 19 1=1, NCW
DO 1 9 J=1,NCW
19 CX(I,J)=CCX(IK)
REWIND 03
D 0 2 0 J = 1 * J 1
READ (03) (AW(K) ,K=1xLTOTAL)
20 CONTINUE
DO 2 1=1 /LPANEL
R E A D (03) (AW(K),K=1,LTOTAL)
DO 3 J=1 ,J PANEL
J J = J P A N E L + J
3 FNWJ (I/J )=AU(J J)
DO 4 K=1 /LPANEL
K< = J1 •»•<
4 FNWW (I/<)aAW(KK)
2 CONTINUE
R E W I N D 11
DO 13 I = 1 / N C S
DO 13 IK=1 ,NCW
' _ I I=( 1-1) * N C W » I < _ ^____ ___ ___ _ '
DO 14 J = 1, LPANEL
A I J ( I I / J ) s O .
DO 1 4 L=1 , N C W
LL=( 1-1) * N C W + L
14 A I J ( I I / J ) = A I J (II*J ) + C X ( l K , L ) * F N W W ( L L , J )
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DO 15 J K = 1 , J P A N E L
8 IJ(i l ,J<)=0.
D O 1 5 L K = 1 > N C W
LN=( 1 - 1 ) * N C W + L K ' . • - - .
15 8IJ (II,JK) = BIJ (I I ,JK)+ C X ( I K , L K ) * F N W J ( L N / J K )
13 C O N T I N U E • • •; • ; .. . :
29 C O N T I N U E
DO 16 I=1*LPANEL
DO 11 IK=1 ,JPANEL
11 C A ( I K ) = B I J (I,IK)
DO 12 J K = 1 * L P A N E L
M K ^ J P A N E L + J K
12 C A ( M K ) = A I J (I,JK)
W R I T E (11) ( C A ( L K ) , L K = 1 , J 7 )
16 CONTINUE
R E WI N D 1 2
R E WI N D 1 0
DO 8 I=1*LPANEL
R E W I N D 11
R E A D (12 ) ( A W ( L ) , L = 1 , J 7 )
DO 10 J = 1 * L P A N E L
R E A D (11) ( C A ( L ) ^ L - U J ? )
B A ( J ) = O . Q
00 9 K=1,J7
9 8 A ( J ) = B A ( J ) + C A < K ) * A W ( K )
1 0 B A ( J ) = A I J ( J ^ I ) + B A ( J )




$ LINK L I N K 6 6 / L I N K 5 5
$ F O R T Y ' '
$ INC ODE I BMP
S U B R O U T I N E J E T N O L ( K C O D E )
C T H I S S U B R O U T I N E D E T E R M I N E T H E OPTIMUM C A M B E R S H A P E A N D T W I S T
C D I S T R I B U T I O N W I T H S P E C I F I E D L I F T A N D P I T C H I N G M O M E N T C O N S T R A I N T S
C I N T H E J E T O N C A S E W I T H U P P E R - S U R F A C E - B L O W I N G A N D Z E R O L E A D I N G
C E D G E S U C T I O N
P A R A M E T E R J P A N E L = 6 0 / I C W = 6 ^ J P A N E E = 8 0
P A R A M E T E R J7 = J P A N E E + I P A N E L / J 1 = 2 * J P A N E E ^ L L 1 = ( I P A N E L + 3 ) * *2M+1
DIMENSION G A M M A ( L L 1 ) *• C DI 1(20) , 0 AM Z C ( I P ANEL )
D I M E N S I O N A W ( 3 0 0 ) , 8 A ( 3 C O ) , C A ( 3 0 0 ) , D A ( 3 0 0 ) , T H E T A I ( 1 0 ) / P A M 8 D A ( 2 )
D I M E N S I O N G A M M T ( I P A N E L ) / G A M A A ( I P A N E L ) / G A M O J ( J P A N E E ) / G A T ( I P A N E L )
D IMENSION C A M Z C d P A N E L ) , C O N S T ( IPANEL) / AK ( IPANEL ) / RHS ( 300)
D I M E N S I O N B ' O N D N ( I C W ) ; W A ' ( 1 0 ) / B I G C ' X < IP AN EL / IP ANEL ) > CX ( I C W x I C W )
COMMON / A D D / C P ( 1 00) » C V( 30 ) /•BR EAK (8) /• S WP <8* 1 5 ) / G A L ( 30 ) 11 S YM, VMU xV U
1 , T E M P / F C R / C A M L E R / C A M L E T , C A M T E R * C A M T E T / X J / Y J , Z J , R J / A L P * C R E F , T W I S T R -
C O M M O N / A E R O / AM "\ , AM2 / B1 /B 2xC L ( 30 ) *C T ( 30) / C D (30 ) * G A M ( 2, 1 00 )
C O M M O N / C L O P E / D Z D X K ( 1 0 0 ) , A L P A O ( 1 5 ) , G C B ( 1 0 0 ) , G C B X ( 1 0 Q ) * T H E T A K ( 1 0 )
U C C X < 1 0 0 J * O Z O X I C < 1 0 0 ) » G A N ( 2 * 1 0 0 )
C O M M O N /L ING/ G L E A R / G K B A R / F C L I I / F C M I I .
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C O M M O N / W L O N E / D Z D X K W ( 1 0 0 ) , G A M W ( 1 0 0 ) / C A M Z C W ( 1 0 0 ) , A L P A O W ( 2 0 )
C O M M O N / C O N S T / N C S , N C W , M 1 ( 8 ) * N S J * N C J ( 5 ) , L A S T , M J W 1 < 3 * 5 ) * M J U 2 < 3 * 5 ) / J
1 P A N E L , M J J < 5 ) / N W ( 3 3 ,NNJ ,NJP
C O M M O N / C O S T / L T O T A L * L F A N 1 / N J W ( 5 ) * L P A N E L ^ I E N T N * L P A N 2 / E X I T * P T I A L * T W
1 1 S T , D F ( 5 ) / N F P
C O M M O N /GEOM/ H A L F S W , X C P ( 2 0 0 ) » Y C P ( 2 0 0 ) / Z C P < 2 0 0 ) / X L E ( 5 0 ) * Y L E ( 5 0 ) * X T
1 E ( 5 0 ) * P S I ( 2 0 ) / C H ( 9 5 ) , X V < 2 0 0 J * Y V ( 1 0 0 ) , S N < 8/8 ) ,XN< 200, 2 ) / YN ( 200 / 2) ,
2 . Z N < 2 0 0 , 2 > * W I D T H C 8 ) / Y C O N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B ^ S J ( 2 U 8 ) / E X ( 9 5 ^ 2 ) / T X (
3 9 5 * 2 ) / S C ( 1 6 0 ^ 5 ) , S I ( 1 6 0 , 5 ) , L C < 3 >
C O M M O N / P A R A M / A L P T ^ A L P C , A L P S , C D F , S O F , T H , T D F
C O M M O N / I O E N T / D Z O X K 1 ( 1 0 0 ) , G A M 1 ( 1 0 0 ) , C A M Z C K 1 0 0 > , A L P A 0 1 < 2 0 ) , Y L E 1 ( 2
10)
C A L L I N V R C X ( T H E T A I , B O N D N * W A * I P A N EL*8 I G C X , A K , I C W * C X )
13 F O R M A T (3F10 .5*110)
14 F O R M A T (1H , ' C L I It CM 11 / D E L T A * M A X P ' )
15 F O R M A T (1H , ' N U M B , S I Z E ' )
3 3 F O R M A T < I10 ,F10.5>
D C A 4 I = 1 / N C S
A L P A O W ( I ) = 0 .
DO 46 J = 1 / N C S
AA = 1.
00 47 L = 1 / N C S
1 F (L .EQ.J ) GO TO 47
AA = A A * ( Y L E (D -YLE1 (L ) ) /< Y L E 1 <J ) -YLE1 (L ) )
47 CONTINUE
A L P A O W < I ) = A L P A O W ( I ) + A A * A L P A 0 1 < J >
4 6 C O N T I N U E
44 C O N T I N U E
DO 4 1 = 1 / N C S
DO 5 K = 1 / N C W
J J = ( I - 1 ) * N C W + K
G A ( * W ( J J ) = 0 ,
C A M Z C W ( J J ) = 0 .
D Z D X K W ( J J ) = 0 .
DO 6 J = 1 ^ N C S
I I = ( J - 1 ) * N C W + K
AA = 1.
DO 7 L=1 /NCS
I F ( L . E Q . J ) GO TO 7
A A = A A * ( Y L E ( I ) - Y L E 1 ( L ) ) / ( Y L E 1 ( J ) - Y L E 1 ( L ) >
7 C O N T I N U E
G A M W (JJ )=G AMVKJ J) + A A * G A M 1 ( I I)
D Z D X K W ( J J ) = D Z D X K W ( J J ) + A A * D Z D X K 1 ( I I )
C A M Z C W ( J J ) = C A M Z C W < J J ) + A A * C A M Z C 1 (I I) .
6 CONTINUE
-5- -C-ONT.INUE ' •• • ' - '. ..' - ' .• ' . -
4 C O N T I N U E
DO 20 I =1 /LPANEL
D Z D X K ( I ) = O Z O X K W ( D
G A M ( 1 * I ) = 6 A M U ( I )









*** L IFT C O N S T R A I N T * P I T C H I N G MOM EN T . C O N STR.A, I NT* IN IT IAL S T E P S I Z E
AND MAXIMUM NUMBER OF I T E R A T I O N S * * *
W R I T E (6 * 1 A ) ,
R E A D ( 5 * 1 3 ) C L B A R * C M 8 A R * O E L T O * M A X P . ' ' . - ' • .
W R I T E ( 6 * 1 3 ) C L B A R * C M 3 A R * D E L T O * M A X P
* * * NUMBER O F I N T E R M E D I A T E C Y C L E S W H I C H A R E N E E D E D T O R E D U C E T H E
INITIAL C O M P U T E D L IFT AND P I T C H I N G MOMENT C O E F F I C I E N T S TO THE
C O N S T R A I N T S * T H E A S S U M E D S T E P S I Z E I N T H E J E T O N C A S E * * *
W R I T E ( 6 * 1 5 )
R E A D (5 *33 ) N U M B * S I Z E
W R I T E ( 6 * 3 3 ) N U M B * S I Z E
00001 ) GO TO 508




IF ( A B S ( C L I I r - C L B A R ) .LT.O,







W R I T E (6*565) NCOUNT *pELTA
565 FORMAT (iHOf'T.HE'^13^1 TH













IF ( ITN.GT.2) GO TO 19
I.F (N.EQ.1 ) GO TO 32
505 CONTINUE
IF (ABS(CLII-CLBAR).GT.O
200 FORMAT (1HO*'DELTA = '*F10.3*5X* I 2*'TH ITERATION OF'*I2*'TH INTER
1MEDIATE CYCLES')




,00001) GO TO 505




1 C L B A R / C M 6 A R / N U M B / I T N )
IF (N.EQ..1) C A L L C A M B E R < AK/ C A M Z C / C O N S T/G AMM A/ B A / N / M A XP )
I F (N.EQ.1 ) C A L L L O A D
IF ( A B S < C L I I - C L B A R ) . LT .O . 00001 ) GO TO 555
I F (N. EQ.1 ) GO TO 80
IF <ITN.E<J.1) GO TO 89 ' ..
555 CONTINUE
IF (CDII (ITN) .GT.CDII (ITN-D) GO TO 29
89 ITN=ITN+1









D E L T A = 0 . 5 * D E L T A
ITN=ITN+1
00 49 I=ULPANEL
G A M ( 1 , I ) = G A N < 1/1)
G A M ( 2 / I ) = G A N ( 2 x I >
G A M M T ( I ) = G A T ( I )
D Z O X K ( I ) = O Z D X « I )
.CL I I=OCLI I








IF (A8SCCL II-CLBAR).LT .O.OOC01 ) GO TO 5AO
IF (ITN.GT.2) GO TO 63
540 OELTA=SIZE
68 CONTINUE
IF (A9S(CLII-CLBAR). LT.O. 00001) CALL CAM B E R ( AK /C AMZ C , CON S T/G AMMA ,
1BA,N,MAXP)
IF (NCOUNT.EQ.O) GO TO 561
SUM=0.
DO 562 I=1 /LPANEL
S U M = S U M + ( C A M Z C ( I ) - O A M Z C ( I ) ) * *2
562 CONTINUE
W R I T E < 6 , 563 ) R M S
563 F O R M A T (1H / ' T H E R O O T M E A N S Q U A R E OF C A M B E R ORD INAT ES = ' / F 1 5 . 5 )
561 C O N T I N U E
I F ( N . L T . M A X P ) GO TO 38





$ F O R T Y
$ INC ODE I BMP
S U B R O U T I N E JET NO 7 ( GA MKA ,8 A, DEL TA , AW, C A,CLI I / CM 1 1 ,P AMBD A, G AT, J 7)
C C A L C U L A T E T H E N E W W I N G - A L O N E V O R T E X S T R E N G T H A N D T H E C A M B E R SLOPE
D I M E N S I O N AWd ) x G A ( 1 ) , CA ( 1 ) / G A M M A (1) , P A M B D A ( 1 ) , G A T ( 1 )
C O M M O N / A E R O / AM 1 , AM2 , E1 ,B2,C L ( 30 ) ,C T ( 30) , C D < 30) /• GAM ( 2, 1 00 )
COMMON /CLOPE/ DZO XK( 1 CO ) / ALP AO (1 5 ) / GCB ( 1 00 ) /G CBX ( 1 00 ) x T H E TAK ( 1 0)
1 * C C X ( 1 0 0 ) , O Z D X K ( 1 0 0 > > G A N < 2 , 1 0 0 )
C O M M O N / C O N S T / N C S * N C W / M K 8 ) / N S J * N C J < 5 > , L A S T , M J W l ( 3 * 5 ) * H J W 2 ( 3 * 5 . ) ^
C O M M O N / G E O M / H ALF S W/ X CP( 2 00 > / Y CP ( 200) , Z C P ( 2 0 0 ) , X L E < 5 0 ) * Y L E ( 5 0 ) , X T
1 E ( 5 0 > , P S I ( 2 0 ) , C H < 9 5 ) / X V ( 2 0 0 > / Y V ( 1 0 0 ) / S N <
2 Z N ( 2 0 0 ^ 2 ) / W I D T H ( 8 ) / Y C O N ( 2 5 ) ^ S W E E P ( 5 0 )
3 9 5 / 2 ) / S C ( 1 6 0 / - 5 ) / S I ( 1 6 0 / 5 ) / L C ( 3 )
C O M M O N /L ING/ G L 3 A R / G M B A Rx FCL I I *f CMI I
C O M M O N / C O S T / L T O T A L , L P A , M 1 , N J W < 5 ) , L P A N E L , I E N T N / L P A N 2 , E X I T / P T I A L , T W
1 I S T , D F ( 5 ) * N F P
PI=3.141 5 9 2 6 5
L 1 = L P A N E L + 1
L 2 = L P A N E L + 2
L 3 = L P A N E L + 3
R E W I N D 1 2
R E W I N D 10
R E W I N D 08
DO 71 I=1 ,LPANEL
DO 72 J = 1 / L P A N E L
IF ( J . E G , I) GO TO 73




R E A D (12) (AW(L),L=1> J 7)
C A C L 1 )=0.0
CA(L2)=0.0
DO 60 L=1*LPANEL
L L = J P A N E L + L
C A ( L 1 ) = C A ( _ 1 ) + G C 3 ( L ) * A W ( L L )
60 C A ( L 2 ) = C A ( L 2 ) + G C B X - ( L ) * A W ( L L )
C A ( L 1 ) = C A < L 1 ) + G C B ( I )
C A ( L 2 ) = C A ( L 2 ) + G C B X ( I )
C A ( L 1 ) = P I * * 2 * C A ( L 1 ) * D E L T A / ( H A L F S W * 2 . )
C A ( L 2 ) = P I * * 2 * C A ( L 2 ) * D E L T A / ( H A L F S W * 2 . ) • .
B D G W = 0 . 0
DO 14 M = 1 / L P A N E L
M M = J P A N E L + M
B D G W = B D G W + ( G C 3 ( M ) * O Z D X K ( M ) * A W ( M M ) )
14 CONTINUE
A D G W = 0 . 0
















CAdO = C A ( K ) + G C B ( I ) * A W ( I I )
16 CONTINUE
C A ( K ) = G C B ( K ) + C A ( K )





W R I T E (03) (CA(J),J=1,L3)
RE W I N D 12
DO 76 L=1/LPANEL







CA(LJ = CA(L)*PI*PI/(HAL FSW*2.)




WRITE (08) <C.A(J),J=1 ,L3)
R E W I N D 03





DO 78 I J = 2 , I _ 2
R E-A-0- (08) (-A-W-(-I) ,X=-1-, L 3) .— _.-
IK = I J
C A L L V M S E Q N ( N J * I K / A W / G A M M A , C A )
NJsNJ-1 .
78 CONTINUE








R E W I N D 04
00 21 I=1,LPANEL
R E A D (04) (AW(K),.K = 1,LPANEL)
DZDXK(I)=0.
DO 22 J=1,LPANEL
DZDXK(I)=DZDXK( I) + AW(J)*GAM(1/J)
22 CONTINUE
21 CONTINUE





C SET UP THE RIGHT HAND SIDE V E C T O R S OF THE B O U N D A R Y CONDITIONS
C FOR INDEX=2
D I M E N S I O N RHS(1)
C O M M O N / A E R O / A M 1 / A M 2 / 6 1 , B 2 / C L ( 3 0 ) , C T ( 3 0 ) , C D ( 3 0 ) * G A M ( 2 , 1 0 0 )
C O M M O N / A D D / C P ( 1 0 0 ) , C K ( 3 0 ) * B R E A K ( 8 ) * S W P < 8 / 1 5 ) , G A L < 3 0 ) / I S Y M , V M U / V U
1 , T E M P , F C R * C A M L E R / C A M L E T , C A M T E R / C A M T E T , X J , Y J , Z J , R J , A L P * C R E F , T W I S T R
C O M M O N / C O N S T / N C S * N C W / M 1 ( 8 ) , N S J * N C J ( 5 ) * L A S T , M J W l ( 3 , 5 ) , M J W 2 ( 3 * 5 ) x J
7 P A N E L / M J J ( 5 ) / N W ( 3 > x.NNJxNJP
C O M M O N / C O S T / L T OT A L /• L P A N'1 * N J U ( 5 > / LP AN E L
 f I EN T N * LP AN 2 /• E X IT , PT I A L *T W
1 I S T , O F ( 5 ) , N F P
C O M M O N / G E O M / H A L F S W ^ X C P ( 2 0 C ) / Y C P ( 2 0 0 ) ^ Z C P ( 2 0 0 ) / X L E ( 5 0 ) ^ Y L E < 5 0 ) / X T
1 E ( 5 0 ) » P S I ( 2 0 ) ^ C H ( 9 5 ) ^ X V ( 2 0 0 ) / Y V ( 1 0 0 ) / S N ( 8 ^ 8 ) ^ X N ( 2 0 0 / 2 ) / Y N ( 2 0 0 * 2 ) *
2 Z N < 2 0 0 * 2 ) * W I D T H ( 8 > / Y C O N < 2 5 > / S W E E P ( 5 0 ) , H A L F B , S J ( 2 1 , 8 ) / E X ( 9 5 , 2 > * T X (
C O M M O N / P A R A M / A L P T , A L P C , A L P S * C O F , S D f * T H , T D F
C O M M O N / S C H E M E / C ( 2 ) / X (1 0, A 1 ) , Y (1 0,4 1 ) , S L O P E ( 1 5 ) , XL ( 2 *1 5 ) t XTT ( C 1)
1 X L L C 4 1 )
IF ( N W ( 2 ) .EQ. 0) NA= 1
IF ( N W ( 2 ) . N E . 0 .AND. N W ( 3 ) .EQ. 0) NA=2
Z Z = Y C O N ( 2 5 ;
D F J = C D F
V M U C = V M U * A L P C
IPHI=1
M J = L P A N E L + N C J ( 1 )
I N N = 1 . : • . ' • ' •
J N N = 1 . . " - • • . .
K I = 1 ' • • ' • • . ' • • • • " - . ' - . ' . : - .
L I = L A S T + 1
I H = N W ( N A ) + M J W 1 < N A / N J P ) - 1
A O KJ=L I
IF (L I , G T . L A S T ) K J = L I - J P A N E L
C A L L S T R E A M ( A L P H A / V H U C x L I ^ I P H I y L P A N E L / - T E M P ^ L P A N l ^ L P A N 2 x I S Y M < >
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1 K C O D E / E X i t , M J > 2 / B A )
IF ( K C O D E .EQ. 0) GO TO 63
IF (ZZ .GE. Oi01) GO TC 63
C
C A D D I T I O N A L E X T E R N A L F L O W D E F L E C T I ON IS A L L O W E D IF THE JET A N G L E IS
C G R E A T E R T H A N T H E F L A P ANGLE B E C A U S E O F T H E E F F E C T O F F INITE T R A I -
C L ING-EDGE A N G L E S . FOR THIN A I R F O I L S * THIS CAN BE E L I M I N A T E D BY
C I N S E R T I N G THE S T A T E M E N T * IF ( K C O D E . E Q . 1 ) GO TO 63
C
IF (LI .GE. M J W 1 ( N A / N J P ) * A N D . LI .LE. M J W 2 ( N A x N J P ) ) GO TO 62
GO TO 63
62 IF (LI .NE. IH) GO TO 63
I F ( ( D F J - T D F ) .LT. Q.) GO TO 63
C Z T = C A M T E R - ( C A M T E R - C A M T E T ) * Y C P ( L I ) / H A L F B
A P A = 0 . 5 * ( D F j - T D F + C Z T )
IF ( V M U .GT. 0.85) A P A = A P A * ( 1 . -VMU) /O. 1 5
I F ( A P A .LT. 0.) A P A = 0 .
A L P H A = A L P H A + A P A













IF (KJ .LT. MJ .OR. KJ .EQ. LAST) GO TO 50
iPHl=IPHI+1
M J=MJ+NC J ( INN)
CONTINUE
IF (KJ . EQ. MJ I) GO TO 55
GO fO 60
J N N = I N N .
I NN=INN+1
IF (KJ .EQ. MJJ(JNN')) IPHI=1
IF (LI .EQ. LTOTAL) GO TO 65
GO TO 70
C O N T I N U E
IPHI=1
M J = L P A N E L + N C J (1 )
JNN = 1
INN=1
C O N T I N U E
K i = K I + 1
IF (LI .EQ. LTOTAL) GO TO 75




GO TO 85 -
LI = 1
CONTINUE
IF (KI .LE. LTOTAL) GO TO 40




$ F O R T Y
$ I N C O D E I B M P , ' . - . . . . '
S U B R O U T I N E J E T N 0 9 ( G A M M T ,G AMOJ , GA M A A , R HS , A W , B A, CA ,J 7, N, CD I I,CLII,
1 C M I I , C L B - A R , C M B A R , N U M 3 , ITN) - ,
C F IND THE JET V O R T I C E S IN THE O U T E R F L O W AND THE W ING ADD I T I ON AL
C V O R T I C E S • • ' - • ' • • • • . - . . ,
D IMENSION A W ( 1 ),BA (1) ,RHS(1 ) , G A M M T ( 1 ) ><GAMOJ (1 ) , G A M A A ( 1)
D I M E N S I O N CDI I (1 > , C A ( 1 )
C O M M O N / A E R O / AM1 , AM2 , E1 ,B 2,C L ( 30 ) /C T ( 30) ,C D ( 30 ) / GAM ( 2, 1 00 )
C O M M O N / C L O P E / D ZD K< ( 1 CO ) , ALP AO (1 5 ) , GC 8 ( 1 00) ,GCBX ( 1 00 ) /THE TAK ( 1 0)
1 / C C X ( 1 0 0 ) , O Z D X K ( 1 0 0 ) , G A N ( 2 , 1 0 0 )
C O M M O N /L ING/ G L B A R ,GMBAR, f CL 1 1 ,F CM 1 1
COMMON / A D O / C P < 1 0 0 ) , C I * ( 3 0 ) * 8 R E A I « 8 ) * S W P ( 8 , 1 5 ) , G A L < 3 0 > / I S O M , V M U , V U
C O M M O N . / P A R A M / ALP T ^ A L FC , A LPS / C DF , SD F /• TH/. TO F
C O M M O N / G E O M / H ALF S W / > X CP (2 00 ) , Y CP ( 200 ) ,1 C P( 200 > ^ X LE ( 50) t Y L E < 50) ,X T
1E ( 5 0 ) , P S I < 2 0 ) * C H ( 9 5 ) * X V < 2 0 0 ) * Y V C 1 0 ' 0 ) * S N < 8^8 ) / XN( 200* 2 ) , YN ( 200 / 2) ,
2 ZN( 200 /2 ) / W I D T H ( 8 ) / Y C O N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B / S J ( 2 1 / 8 ) / E X ( 9 5 * 2 ) * T X (
3 9 5 , 2 > , S C < 1 60,5) *SI '< 160,5 ) , LC( 3)
C O M M O N / C O N S T / N ' C S * N C W , M 1(8), N S J , N C J ( 5 ) , L A S T , M J W 1 ( 3 / 5 ) , M J W 2 ( 3 / 5 ) , J
1PANEL,MJ J ( 5 ) , N W ( 3 ) ,NNJ,NJP
C O M M O N / C O S T / L T O T A L , L F A N 1 , N J W ( 5 ) , L P A N £ L , I E N T N , L P A N 2 * E X I T , P T i A L , T W
11 S T , D F ( 5 ) , N F P
PI=3.141 59265
R E W I N D 0 9
DO 9 1=1 ,J P A N E L
R E A D (09 ) ( A W ( K ) , < s 1 , L T O T A L )
9 C O N T I N U E
DO 1 1 = 1 >J 7
R E A D (09) ( A W ( K ) , K = 1 , L T O T A L )
8 A ( I ) = 0 . 0
DO 2 J = 1-,L T O T A L
2 B A ( I ) = B A ( I ) + A W ( J ) * R H S ( J)
1 C O N T I N U E .
DO 3 1 = 1 ,J P A N E L
G A M O J ( I ) = B A ( I)
3 C O N T I N U E
. DO 4 1=1 ,LPANEL
i ISJPANEL+I
G A M A A ( I ) = B A ( 1 I )
4 C O N T I N U E
DO 5 1=1 ,LPANEL
G A M M T ( I ) = G A M ( 1 ,1 ) + G AM A A< I)
5 C O N T I N U E
DO 21 I=1,LPANEL
C P ( I ) = G A M M T ( I ) * 2 . * A L P C
21 C O N T I N U E
CLII=0.0
CM 11=0.0 .
CDI I < ITN)= 0.0
DO 50 1=1 , LPANEL
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C O I I ( I T N ) = C O I I ( I T N ) + G C B ( I ) * O Z D X K ( I ) * G A M M T ( I )
C L I I = C L U + G C 8 < I ) * G A M M T ( I )
C M I I = C M I I + G C 3 X ( I ) * G A M f 1 T ( I )
5 0 C O N T I N U E
C D I I ( I T N ) = - P I * * 2 * C D I I ( I T N ) / ( H A L F S W * 2 . )
C L I I = P I * P I * C L I I / ( H A L F S W * 2 . )
C M I I = P I * P I * C M I I / ( H A L F S U * 2 . )
W R I T E (6 ,134) C D I I ( I T N )
134 F O R M A T (1H , ' I N D U C E D D R A G C O E F F I C I E N T , CD 11 = ' ,F15 .5 )
W R I T E (6,135) CLII
135 F O R M A T (1H , 'L IFT C O E F F I C I E N T , CL 11= ' ,F15 .5 )
W R I T E (6,136) CMII
136 F O R M A T (1H , ' P I T C H I N G MOMENT C O E F F 1 C IENT ,CM I 1= ' ,F15.5)
IF (N .GT .1 ) GO TO 30
O L B A R = C L I I - C L B A R
D M B A R = C M I I - C M B A R
G L 8 A R = D L 8 A R / N U M 8
G M B A R = D M B A R / N U I * B
F C L I I = C L I I - G L 8 A R
F C M I I = C , 4 I I - G M 3 A R
3 0 C O N T I N U E




SUBROUTINE C A M B E R ( AK,CAMZC,CONST,GAMMA,BA,NBC,MAXP )
C COMPUTE THE C A M B E R O R D I N A T E S AND THE TWIST DISTRIBUTION
DIM E N S I O N ALPA(15)
D I M E N S I O N A K ( 1 ) , C A M Z C ( 1 ) , C O N S T ( D , G A M M A ( 1 ) , B A ( 1 )
C O M M O N / C L O P E / D Z D X K ( 1 C O ) , A L P A O ( 1 5 ) , G C B ( 1 0 0 ) , G C 3 X ( 1 0 0 ) , T H E T A K (1 0)
1 , C C X ( 1 0 0 ) , O Z D X K ( 1 0 0 ) , G A N ( 2 , 1 0 0 )
C O M M O N / G E C M / H A L F S W , X C P ( 2 0 0 ) , Y C P ( 2 0 0 ) , Z C P ( 2 0 0 ) , X L E ( 5 0 ) , Y L E ( 5 0 ) , X T
1 E ( 5 0 ) , P S I ( 2 0 ) , C H ( 9 5 ) , X V ( 2 0 0 ) , Y V ( 1 0 0 ) , S N ( 8 , 8 ) , X N ( 2 0 0 , 2 ) , Y N ( 2 0 0 , 2 ) ,
2 Z N ( 2 0 0 , 2 ) , W I D T H ( S ) , Y C C N ( 2 5 ) , S U E E P ( 5 C ) , H A L F B , S J ( 2 1 , 8 ) , E X ( 9 5 , 2 ) , T X (
3 9 5 , 2 ) , S C ( 1 6 0 , 5 ) , S I ( 1 6 0 , 5 ) , L C ( 3 )
C O M M O N / C O N S T / N C S , N C W , M K 8 ) , N S J , N C J ( 5 ) , L A S T , M J W 1 ( 3 , 5 ) , M J W 2 ( 3 , 5 ) , J
1 P A N E L , M J J ( 5 ) , N W ( 3 ) , N N J , N J P
C O M M O N / W L C N E / D Z D X K w ( 1 0 0 ) , G A M W d O O ) , C A M Z C W ( 1 0 0 ) , A L P A O W ( 2 0 )
C O M M O N / C O S T / L T O T A L , L P A N 1 , N J W ( 5 ) r L P A N E L , I E N T N , L P A N 2 , E X I T , P T I A L , T W
1 I S T , D F ( 5 ) , N F P
1 0 2 F O R M A T ( 1 H , ' T H E T W I S T D I S T R I B U T I O N I N T H E S P A N W I S E D I R E C T I O N ' )
P I = 3 . 1 4 1 5 9 2 6 5
N W 2 = N W ( 1 ) + N W ( 2 )
IF ( N W ( 2 ) . E Q . O ) GO TO 48
I I=NCS+1
IJ (_NW£31)_ .NJ. 0_) G^ TO _50 _ _.. ._
C H O R D = C H ( 1 ) + C H ( I I )
X X 1 = C H ( 1 ) / C H O R D
T H E T A 1 = A R C O S ( 1 . - 2 . * X X 1 )




5 g i I I = I I t N C S
C H O R O = C H ( 1 ) + C H ( I I ) + C H < I I I )
X X 1 = C H ( 1 ) / C H O R D
T H £ T A 1 = A R C O S < 1 . - 2 . * X X 1 )
X X 2 = ( C H ( 1 ) + C H < I I ) ) / C H O R D
T H E T A 2 = A « C O S < 1 , - 2 . * X X 2 )
51 CONTINUE .
GO TO 49
48 T H E T A 1 = P I
49 C O N T I N U E
K1=1
K2=2
IF ( N B C . E Q . 1 .OR. N 8 C . E Q . M A X P ) W R I T E (6,102)
DO 23 KI*1 ,NCS
DO 25 N = 1 , N C W
N A = ( K I ~ 1 ) * N C W + N
A K ( N A ) = 0 . 0
F N =N -1
DO 27 L = 1 * N C W
IF < L . L E . N W ( 1 ) ) K B = O a - 1 ) * N W n ) + L
IF ( L . G T . N W d ) .AND. L .L E . NW2 ) KB=LPAN1 + (K 1-1 ) *N W( 2 ) +L-NW ( 1 )
IF ( L . G T . N W 2 ) K B = L P A N 2 + ( K I - 1 ) * N W ( 3 ) + L - N W 2
IF (L .LE. N W ( 1 ) ) GO TC 100
IF <L .GT. N W ( 1 ) . A N D . L .LE. N W 2 ) GO TO 200
If (L .GT. N W 2 ) GO TO 300
100 FNW = N'«K1)
THETA=THETA1
GO TO 400
200 FNW=NW(2) . .
T H E T A = T H E T A 2 - T H E T A 1
GO TO 400
3 0 0 F N W = N w ( 3 )
T H E T A = P I - T H E T A 2
400 C O N T I N U E
A K ( N A ) = A K ( N A ) * T H E T A * D Z D X I C ( K B ) * C O S ( F N * T H E T A K < L ) ) / ( F N W * P I )
27 C O N T I N U E











CONST3 = 0.1 25*AK(K2)
C O N S T « I ) = C O N S T H - C O N S T 3
A L P A O ( K I ) = C O N S T 2 - C O N S T 1 - A K ( K 1 )
A L P A ( K I ) = A L P A O ( K I ) * 1 8 0 . / P I
140
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00 29 « = 1 / N C W
M M = ( K I - 1 >*NC*I+M
C A M Z C ( M M ) - 0 . 0
00 30 K = 3 * N C W
FK=K-1
K D=(K I -1 ) * N C W + K
C A M Z C ( M M ) = C A M Z C ( M M ) - 0 . 2 5 * A K ( K D ) * ( 1 . / ( 1 . - F K ) * C O S ( ( 1 . - F K ) * T H E T A K ( M ) )
1 + 1 . / ( 1 . + F K ) * C O S ( ( 1 , + F K ) * T H E T A K ( M ) ) )
30 C O N T I N U E
C O N S T 4 = - C O N S T 3 * C O S ( 2 . * T H E T A K ( M ) )
C A N Z C ( M M ) = C A M Z C ( M M ) + ( A L P A O ( K I ) + A K ( K 1 ) ) * 0 . 5 * ( 1 . - C O S ( T H E T A K ( M ) ) ) + C O N
1 S T 4 + C O N S T ( K I >
29 C O N T I N U E
K 1 = K 1 + N C W
.
IF ( N 3 C . E Q . 1 .OR. N B C . E Q . M A X P ) W R I T E ( 6/ 1 26) K I / YLE ( KI ) ,< I , ALP A ( KI )
126 F O R M A T (1H / ' Y LE ( ' , I 2 / ' ) = ' / F 1 5 . 5/ 5 X* ' A L P A O ( ' / I 2 / ' ) = ' / F1 5 . 5 )
2 3 C O N T I N U E
I F ( N 8 C . E Q . 1 .OR. N B C . E Q . M A X P ) W R I T E ( 6 / 1 2 9 )
1 2 9 F O R M A T ( 1 H / ' C A M B E R O R D I N A T E S I N T H E J E T O N C A S E 1 )
I F ( N 6 C . E Q . 1 .OR. N B C . E Q . M A X P ) W R I T E ( 6 / 1 2 7 ) ( C A M Z C ( J J ) / J J = 1 / L P A N E L )
127 F O R M A T (1H / 6F10 .5 )






C TO E V A L U A T E THE A E R O D Y N A M I C C H A R A C T E R I S T I C S
D I M E N S I O N CA(30)/CPSWL(30)/AW(30)
C O M M O N / A E R O / AM1 / AM2 / E1 /B2 /C L < 30 ) /C T ( 3 0) / C D ( 30 ) / GAM ( 2/ 1 00)
COMMON / A D D / C P ( 1 0 0 ) / C I * < 3 0 ) / B R E A K < 8 ) , S W P < 8 , 1 5 ) / G A L ( 3 0 ) / I S Y M / V M U / V U
1 / T E M P / F C R / C A M L E R / C A M L E T / C A M T E R / C A M T E T / X J / Y J / Z J / R J / A L P / C R E F / T W I S T R
C O M M O N / C L O P E / D Z D X K ( 1 C O > / A L P A O < 1 5 ) / G C B ( 1 0 0 ) / G C B X ( 1 0 0 ) / T H E T A K ( 1 0 )
1 / C C X ( 1 0 0 ) / O Z D X K ( 1 0 0 ) / G A N ( 2 / 1 0 0 )
C O M M O N / .LING/ G L 6 A R / G M E A R / F C L I I /FCMI I
C O M M O N / W L O N E / DZD XKW ( 100) / G A M W (1 00) / C AMZ CW ( 1 00 ) / A L P A O W ( 20 )
C O M M O N / C O N S T / NCS /NC W /M H 8 ) / N S J/ NCJ ( 5 ) /L AST /M J W1 ( 3/5 ) /rtJ W2 (3 / 5 )/ J
1 P A N E L / M J J < 5 ) / N W ( 3 ) /NNJ /NJP
COMMON / G E O M / H ALF SW/ X CP (200) / Y CP ( 200 ) / ZCP ( 200 ) /XL E ( 5 0) , Y L E ( 50 ) /X T
1 E ( 5 0 ) / P S I ( 2 0 ) / C H ( 9 5 ) / X \ / < 2 0 0 ) / Y V ( 1 0 0 ) / S N ( 8 / 8 ) / X N ( 2 0 0 / 2 ) / Y N ( 2 0 0 / 2 ) /
2 ZN( 200 /2 ) / W I D T H ( 8 ) / Y C C N ( 2 5 ) / S W E E P ( 5 0 ) / H A L F B / S J (21/8) / E X ( 9 5 y 2 ) ^ T X (
3 9 5 / 2 ) / S C ( 1 6 0 / 5 ) / S I ( 1 6 0 / 5 ) / L C ( 3 )
COMMON / P A R A M / A L P T / AL PC/ A L P S / C DF / SO F / TH, TO F
C O M M O N / C O S T / L TOT AL/ LPANl /NJ W ( 5) / LP AN EL/ I ENTN/ LP AN 2/ E XI T / PT I AL /T U
----- 1-I-ST/DF<-5-)/Nf-P- ---- ------------- _______________ ! ______ ___ .-_..: . . ' __ ' ___
C O M M O N / S C H E M E / C ( 2 ) / X (1 0 /41 ) / Y ( 1 0 /41 ) / SLOPE < 1 5 ) / XL ( 2 / 1 5 ) / XTT (4 1 ) /
1XLK41)
1 F O R M A T ( 1 H O / 2 6 X / 7 H A L P H A =/ F 1 0 . 3/3 X / 7H D EGR EE S )
2 F O R M A T ( 1 H O / 2 0 X / 4 0 H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X )
1 0 1 F O R M A T (1H1)
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P I = 3 . 1 4 l 5 9 2 6 5
Dp 18 1=1,NCS
C T ( I ) = 0 .
X T E ( I) = D.
X < 5 , I ) = 0 .
1 8 C O N T I N U E
ALPH = ALP*1 80./PI
W R I T E (6,101)
W R I T E (6,2)
W R I T E (6,1) A L P H
W R I T E (6 ,2)
Z J E T = Y C O N ( 2 5 )
I U S B = Y C O N ( 2 4 )
N C = I E N T N
D F J = C D F
CMU=C(1 )
C L T = 0 .
C M T = 0 .
C D T = 0 .
CLW=0.
C M W T = 0 .
C O W = 0 .
C L W W = 0 .
C M W W T = 0 .
C O W W = 0 .
KC = 1
N C O L = M 1 < 1 )
KLL = 0
1
 MP = 0
IU=1
IF ( N W C 2 ) .NE. 0) IU=2
IF ( N W ( 3 ) .NE. 0) IU=3
N W 2 = N W ( 1 ) + N W ( 2 )
N W 3 = N W ( 2 ) + N W ( 3 )
N C W 1 = N C W + 1
NL = 1
DO 150 1=1 ,NCS
I F ( N W ( 2 ) .EQ. 0) GO TO 160
I I = I + N C S
IF ( N W ( 3 ) .NE. 0) GO TO 1A4
C H O R D = C H ( I ) + CH( I I )
GO TO 161
144 I I I= I I+NCS
C H O R D = C H ( I ) + C H ( I I ) + C H ( III)
GO TO 161
1 6 0 C H O R D = C H ( I )
161 C O N T I N U E
CML=C.
C L ( I ) = 0 .
C D ( I ) = 0 ,
C A ( I ) = 0 .
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C M W » 0 *
C P S W L ( I ) = 0 .
CMW«I=0.
X ( 4 , I ) = Q .
X (6,I)=Q.
x ( 7 / i > = o .
DO 155 J = 1 , N C W
NN=J+MM
IF < N W < 2 > .EQ. 0) GO TO 151
I F (J .LE. N W ( 1 )> GO TO 151
I F ( J .GT. N W 2 ) GO TO 153
LL = L P A N H - N W ( 2 ) *( 1-1 ) + J - N W ( 1
IL=II
J LL = J -NW(1 )
L=2
F N = N y ( 2 >
GO TO 1 52








L = 1 • • • • . ' . ' . ' . - • ' • • • . , • • • •
FN=NW(1 )
1 52 CONTINUE
X C=(XV(LL)-XLE (I)) /CHORD





IF .(OF(NL) .LE. 0.001) GO TO 521
I F ( P T I A L . L E . 0 . 1 ) G O T 0 5 2 0
I F < N W < 3 ) .EQ. 0) GO TO 524
IF (LL .GE. M J W K 3 / N L ) .AND. LL .LE. M J W 2 ( 3 / N D ) GO TO 523
521 CS=1 .
S S = - D Z D X K ( L L >
S W = - O Z D X K W (LL)
G O T O 5 2 2
5 2 0 I F ( N v J < 2 )
I F ( N W ( 3 )

























S S = - D Z D X < ( L L )
SW = - D Z O X K V I (LL)
G O T O 5 2 2




5 2 2 C O N T I N U E
C I"L = C M L - G B S * X V < L L ) *CS
C D ( D = C D ( I ) + G 3 S * S S
C A d ) = C A ( I ) + W 8 S * C S
C M W = C M W ^ w B S * X V <LL) * C S
c PS W L ( I ) = C P S W L (!)•»• w a s * ss
X ( 4 , I )=X ( A , I ) + W A S * C S
C M W W = C M W W - W A S * X V ( L L ) * C S
X <6, I) = X ( 6 * I ) + W A S * S W
1 55 CONTINUE
C A M L E = C A « L E R - ( C A M L E R - C A M L E T ) * Y L E ( D / H A L F B
E P H A = X L L ( I > - A T A N ( C AHLE )
X ( 1 / N C W 1 ) = COS ( E P H A )
X ( 2 / N C W l ) = S I N < £ P H A )
C L ( I ) = C L ( I ) * P I / C H O R O + C T ( I ) * X ( 2 - r N C W D
C M ' ( I ) = C M L * P I / ( C R E F * C H O R D )
C D ( I ) = C D ( I > * P I / C H O R D - C T ( I ) * X ( 1 , N C W 1 )
C A ( I ) = C A ( I ) * P I / C H O R O + X T E ( I ) * X ( 2 / N C W 1 )
A W ( l J s C M W * P I / ( C R E F * C H O R O )
C P S U ) L ( I ) = C P S W L ( I ) * P I / C H O R D - X T E ( I ) * X ( 1 ^ N C W 1 )
X ( 4 x I ) = X ( 4 , I ) * P I / C H O R D * X C 5 V I ) * X ( 2 , N C W 1 )
X ( 7 , I ) = C M W W * P I / ( C R E F * C H O R D ) .
IF ( I .LT. N C O L ) GO TO 210
KLL=NCOL-1
K C s K C + 1
N C O L = N C O L + M K K C ) - 1
210 KL=I -KLL
F l w s M U K C )
A A = C H O R D * S J ( K L ^ K C ) * W I D T H « C ) / F M
C L T = C L T + C L ( I ) * A A
C W T s C M T + C M ( I ) * A A
C D T = C D T > C O ( I ) * A A
C L W = C L W + C A ( I ) *AA
C r U T = C M W T + A W ( I ) *AA
C DW = C O W + C P S W L ( I) *AA
CLU 'W = C L W W + X ( 4 x I ) *AA
C M W W T = C M W W ,'+X ( 7/1) *AA
C D W W = C D W W + X ( 6 / I ) *AA
IF (LL.EQ. M J W 2 ( I U / N L »
150 C O N T I N U E
C L T = C L T * P I / ( 2 . * H A L F S W )
C M T = C M T * P I / < 2 . * H A L F S W )
C D T = C D T * P I / ( 2 . * H A L F S W )
C D C L 2 = C D T / ( C L T * C L T )
C L W = C L W * P I / ( 2 . * H A L F S W )
C M w T = C ; j I W T * P I / ( 2 . * H A L F S W )
! C D W = C O W * P I / < 2 . * H A L F S W )
| C L t a W = C L W W * P I / ( 2 . * H A L F S W >
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C M W W T = C M W W T * P I / ( 2 . * H A L F S W )
C D W W = C D W W * P I / ( 2 . * H A L F S W )
IF ( C L W W .LE. 0.001) GC TO 67
C D W L 2 = C D W W / ( C L W W * C L W W )
GO TO 68
67 C DWL2=0 .
68 CONTINUE
W R I T E (6 ,53)
5 3 F O R M A T ( 1 H , 5 X , ' V O R T E X ' , 3 X , ' X V ' , 8 X , ' Y V , 8 X , ' C P ' , 3 X , ' C P W * )
K1=0
J J 1 = 0
DO 60 1=1,NCS
IF ( N W ( 2 ) .EQ. 0) GO TO 62
I I = I + N C S
IF ( N W ( 3 ) ,NE. 0) GO TO 69
C H O R D = C H ( I ) + C H ( I I )
GO TO 63
6 9 I I I = I I + N C S
C H O R D = C H ( I ) + C H ( I I ) + C H ( II I)
GO TO 63 .
6 2 C H O R D = C H ( I )
63 C O N T I N U E
DO 61 J=1,NCW
J J = JJ1+J
IF ( N W ( 2 ) .EQ. 0) GO TO 64
IF (J .LE. N W ( 1 ) ) GO TC 64
IF (J . GT. N W 2 ) GO TO 59
LL -LPANH-NW(2 ) * ( I-1 ) + J - N W ( 1 J
GO TO 65





ETA = YV(LL) /HAL FB
CPW=2.*GAMW( LL)*ALPC
61 W R I T E ( 6 , 5 4 ) K K , XI ,E T A ,C P ( LL) , C PW
JJ 1 = ( N C W - N W 3 ) * I
K 1 = K 1 + N C W
60 C O N T I N U E
54 F O R M A T ( 7 X , I 3 ,3X ,4F10 . 5 )
W R I T E (6,30)
3 0 F O R M A T ( 1 H O , 5 X , 4 H Y / S P > 7X ,2HCL , 7 X , 2 H C M , 7 X , 2 H C T , 7 X , 3 H C D I , 6 X ,
* 3 H C L W , 6 X , 3 H C M W , 6 X , 3 H C O W )
DO 31 I=-1,NCS '. .____ __
Y E = Y L E ( I ) / H A L F B
3 1 W R I T E (6,32) Y E , C L ( I ) , C / * ( I ) / C T ( I ) , C D ( I ) , X < 4 , I > , X ( 7 , I ) , X ( 6 , I >
3 2 F O R M A T ( 3 X ,8F9.5)
DO 80 1=1,NCS
A W ( I ) = X ( 4 , I ) * C H C I ) / C R E F
145
02-13-78 02.177
C A ( I ) = C L (I ) * C H ( I ) / C R E F
80 C O N T I N U E .
W R I T E (6,31)
81 F O R M A T (1H , 5 X , ' J E T - OFF S P A N L O A D I NG ' , 7X , ' J E T - i> 5' -'0 L O A D I N G
1 ' )
W R I T E (6,82) ( A W ( I ) , C A ( I ) , I = 1 , N C S )
82 F O R M A T ( 1H , 2 X , F 1 0 . 5 , 1 O X / F 2 0 . 5 )
W R I T E ( 6 / 3 3 ) C L T •
33 F O R M A T (1H , ' T H E LI FT C O E F F I C I E N T = ' ,F10.5)
W R I T E (6 ,24) C O T
2 4 F O R M A T ( 1 H , ' T O T A L INDUCED D R A G C O E F F I C I E N T a.1 ,? ' . : .? '
W R I T E ( 6 / 3 5 ) C D C L 2
3 5 F O R M A T d H , ' THE I N D U C E D D R A G P A R A M E T E R = ' , F 1 0 . 5 -
W R I T E (6 ,42 ) C M T
42 F O R M A T d H , ' T O T A L P I T C H I N G MOMENT C O E F F I C I E N T = ' / - " ; , ;-
I F ( IUS8 .NE. 1 ) GO TO 157
IF ( D F J .LE. 0.001) GO TO 157
IF ( Z J E T ,GT. 0.01) GO TO 157
S D F J = S I N ( D F J )
C D F J = C O S ( D F J )
C L R = C M U * S I N ( D F J + A L P )
C D R = C M U * ( V M U - C O S ( D F J + A L P ) >
C F = C O S ( T D F )
S F = S I N ( T D F )
IF (NNJ .EQ. 1) C D R = - C M U * C O S ( D F J + A L P )
I J = ( N S J + 1 ) / 2 - 1
IF ( I S Y M .EQ. 0 ) I J s N S J / 2 - 1
I F ( N W ( 3 ) .NE. C) GO TC 156
I F ( N W ( 2 ) .EQ. 0 ) G O T C 1 5 4
IZ = N C S + ( M J W1 ( 2 , N J P ) - L P A N 1 - 1 ) / N W ( 2 ) + 1
K J = H J W 1 ( 2 , N J P )
N N = N W ( 2 )
GO TO 1 59
1 5 6 I Z = N C S * 2 + C i Y J W l < 3 , N J P ) - L P A N 2 - 1 ) / N W ( 3 ) + 1
K J = M J W 1 ( 3 , N J P )
N N = N W ( 3 ) '
GO TO 1 59
1 5 4 I 2 = L C ( 1 )
K J = M J W 1 (1,;.JP)
N N = N W ( 1 )
1 5 9 C O N T I N U E
C M 1 = 0 .
DO 1 58 1=1 ,IJ
Y D I F = Y N ( K J , 2 ) - Y N ( K J , 1 )
C K 1 = C M 1 + Y D I F / W I D T H ( N J W ( N J P ) ) * ( ( X L E ( I Z ) + C H ( I Z ) * C F ) * S D F J - C . - I ( I Z ) * S F * C
1 D F J )
K J = K J + N N
1 5 3 I Z = I Z + 1
C W R = - C M 1 * C M U / C R E F
IF (NNJ .NE. 1 ) W R I T E (6 ,43) CLR
4 3 F O R M A T ( 1 H , ' T H E C O A N D A L I F T C O E F F I C I E N T , C L R = ' , F 1 0 . 5 )
1A6
02-18 -78 02.177
IF (NNJ .EQ. 1 ) W R I T E (6,47) CLR
4 7 F O R M A T ( 1 H O , 4 7 H T H E . L I F T C O E F F I C I E N T D U E T O J E T R E A C T I O N / C L J = ,F10
1 . 5 )
I F ( N N J .NE. 1 ) W R I T E (6 ,44) C D R
4 4 F O R M A T ( 1 H / ' T H E C O A N D A D R A G C O E F F I C I E N T / C D R = ' / F 1 0 . 5 )
I F (NNJ .EQ. 1 ) W R I T E ( 6 / 4 8 ) C D R
4 8 F O R M A T ( 1 H O / 4 7 H T H E D R A G C O E F F I C I E N T D U E T O J E T R E A C T I O N / C D J = / F 1 0
1 .5)
IF (NNJ .NE. 1 ) W R I T E ( 6 / 4 5 ) CMR
45 F O R M A T (1H / "THE COAN D A MOMENT C O E F F I C I E N T / CMR = '/F10.5)
IF (NNJ .EQ. 1) WRITE (6/49) CMR
49 F O R M A T (1HO/53HTHE PITCHING MOMENT C O E F F I C I E N T DUE TO JET R E A C T I O N
1/ CMJ =/F10.5)
157 CON T I N U E
I F ( IUS3 .EQ. 1) GO TO 171
W R I T E (6/5) CLU
W R I T E (6/6) CDW
W R I T E (6/7) C M W T
171 C O N T I N U E
5 F O R M A T d HO/2X/49HTHE LIFT C O E F F I C I E N T WITH JET ENT.R A I N M E N T A L O N E =
1/ F10.5)
6 F O R M A T ( 1 H O / 2 X / 5 7 H T H E I N D U C E D DRAG C O E F F I C I E N T WITH JET E N T R A I N M E N T
1 A L O N E = / F 1 0 . 5 )
7 F O R M A T d H O / 2 X / 6 0 H T H E P I T C H I N G M O M E N T C O E F F I C I E N T W I T H J E T E N T R A I N M
1 E N T A L O N E = / F l 0 . 5 )
W R I T E ( 6 / 7 0 ) C L U W
7 0 F O R M A T d H / ' T H E L I F T C O E F F I C I E N T F O R T H E W I N G A L O N E = ' / F l 0 . 5 )
W R I T E ( 6 / 7 1 ) C D U W
71 F O R M A T d H / ' T H E I N D U C E D DR A G "c 0 EF F I CI ENT FOR THE * ING A L O N E ='/
1 F 1 0 . 5 )
W R I T E ( 6 / 7 2 ) C M W ' - T
7 2 F O R M A T ( 1 H / ' T H E P I T C H I N G M O M E N T C O E F F I C I E N T F O R T H E W I N G A L O N E ' =
1 * / F 1 0. 5 )
W R I T E ( 6 / 7 3 ) C D W L 2
7 3 F O R M A T d H / ' T H E I N D U C E D D R A G P A R A M E T E R F O R T H E W I N G A L O N E = ' /
1 F 1 C . 5 )




W I N G A L O N E C A S
1 1













0 .48778 0 . 7 4 0 3 3
0 . 4 S 7 7 8 0 . 7 4 0 3 3
H A L F SW= 0
L P A N E L = 60 J P A N E L
V O R T E X E L E M E N T ENOP
X 1 X 2
-n .SS967 -0 .51215
-0 .49824 - 0 . 4 5 2 0 2
-0 .39183 -0 .34786
-0 .26897 - 0 . 2 2 7 5 9
-0.16256 -0.12344
-0.10113 -0.06330
-n. S1 ?1S -0.4 3 1 2 3
- 0 .45202 -0 .37330
-0-^786 -0 .27298
-0 .22759 -0 .15714
- 0 . 1 2 3 4 4 -0.05681
-0.06330 0.00111
-n.4^12-? -0.31811
-0 .37330 -0 .26328




-n, -u an -n.1 a i9S
-0 .26328 -0.13084
-0, 168*1 -n ,n^?^?
-0 .05865 N 0 .05989
0 . 0 5 6 3 2 0 .1 4 8 4 1
0.09115 0 . 1 9 9 5 2
- 0 * 1 8 1 9 5 -0 n 337°
-0 .13084 0 . 0 1 3 2 6
-0 0 / i 232 0 jn °477
0 .05989 0.18889
0 11841 0 .27039




0 . 2 5 7 6 0
n.
0.

































n , p ? Q * R
0 .22968
0.??9< tR
0 . 2 2 9 6 8
0. 35913
0 .35913


















T=108 L T O T A L =



















. 0. 2 2-9.6.8














































2 5 9 4 5 0.05000 1.00000 0 .37495
74033 1.00000





















































0 . 4 6 2 5 2
0 . 5 3 4 9 1
0-. 59760
0 . 6 3 3 7 9
0 . 4 4 4 5 6
0 , 4 7 8 5 4
0 .53740
0.60536





































0 . 4 3 5 3 8
0 . 2 5 0 5 2
0 .28980










0 . 4 4 4 5 6
0 .47854











































0 . 5 0 0 C O





















0 . 9 5 4 8 2
0, 95422
0 , 9 5 4 8 2
0 . 9 5 4 8 2

























1 . O O O C O
1.000CO
1 . O O O C O
1 .OOCCO

























































































































































































































0 . 0 5 8 4 2

































0 . 4 7 7 6 3
0 .49208
0 . 5 2 4 7 7
0 . 5 8 1 3 7
0 . 6 4 6 7 4
0 .7C334
0.73603










0.1 7 2 5 7
0 . 2 9 2 2 9
0 .29229
0 . 2 9 2 2 9
0 . 4 2 8 8 4
0 . 4 2 8 8 4














n , 9 7 9 7 s




0.1 4 6 4 5
n ^ L f < L * .
0.1 4 6 4 5
n.srnnn











































































































0 . 7 2 3 4 5
-0.44908
-0.21172



























































0. 1 4 A A S
0 .14645






























































0 . 8 5 3 5 5
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C O E F F I C l E N T / C M I I s -0.03600
EP S I Z E / D E L T A = 9.174 AT 2 T H I T E R A T I O N
INDUCED D R A G CO
LIFT C O E F F I C I E
EFF IC IENT/






THE C O M P U T E D ST
COEFF IC IENT /CMI I s -0.
EP S I Z E / D E L T A = 1.670
03600
AT 3TH I T E R A T I O N
I N D U C E D D R A G C O
L IFT C O E F F I C I E
EFFICIENT/
NT/
C D I I =





P I T C H I N G MOMENT



















PITCHING MOMENT C O E F F I C I E N T / C M I i s -o .













PITCHING MOMENT C O E F F 1C I ENT /CMI I s - -Q.
THE C O M P U T E D S T E P S I Z E / D E L T A s 9.641
03600
AT 6TH ITERATION
{ I N D U C E D D R A G C O









PITCHING M O M E N T C O E F F 1C I E N T / C M I Is -0.













PITCHING MOMENT C O E F F I C I E N T / C M I





















C M I -0.
!15. 245
03600
A T 9TH I T E R A T I O N
INDUCE
II I FT
D D R A G C O E F F I C I E N T / CDI








1 S T O I S T R
C O E F F I C I E N T
I S U T I C N I N T
/CMI =




C T I Q N
, Y L E <
IYLE (
0.02025








i Y L E (
0.17257






YLE< 0 0 4 2 8 8 4
0-57116
A L P A O C
A L P A Q t
5) = 4.20544
3.00911
Y L E ( 7)= 0.70771 A L P A O ( 7)=
Y L E C 8 )s 0 .82743 A L P A O ( 8 )=
YLE( 9)* 0 .92063 ALPAO( 9)=
Y L E < 1 0 ) = 0.97975 A L P A O ( 1 0 ) =
,-THE C A M B E R O R O I N A T E S
: O.OC887 O . C 6 2 6 9





} 0.00713 0 .04825
| 0 .00597 0.04197
0.00478 0 .03515
1 0.00337 0.02655






0 . 4 2 9 5 2 0 .99758
0.35511 C, 86232
0 .27805 G. 70839
i 0 .19747 C. 5 3 4 6 7
0-11020 0.30103
: J ET ON C A S E W I T H1
INPUT D A T A
0- 0-
1 1
0 . 3 A 3 A 4 0.
0. 1 . Q C O O O










n . D A S C ? D . 4 9 7 A 4
0.06507 0.49764
0 18128 0 5 ? 2 8 7
0.18128 0 .58287
'• H A L F $ V.= G . ^
LPANEL= 60 J 'P*NF_L =
I VI n O T P V C 1 P M P M T P ,M n P P T




























































































































































































































































































































































































































































































































































































































































































0 . 2 3 2 7 6
0.23276
0 _ ? ^ ? 7 6
0.23276














0 - 1 R 9 7 ?
0 .23276






















































































































































































































i - 0 .26597
-0.08537














D . ^ S S A A
0.58115
n . 4 S 7 9 3
0.57161
n . A R 5 2 9
-0 .33852










0 . 3 C 5 2 3




















































0 . 2 5 9 4 4






































































































































































































































0.09524 0 . 2 5 9 4 4 0.100CO 0.13317
-0.21466 0 - 3 0 8 7 5 0,10000 -0.14033
-0.03880 0 .30875 0.100CO 0.06273
0.13706 0 .30875 0.100CO 0.16426
-0.19341 0.32917 0.050CO -0.11991
-0. 01952 0 .32917 0 .05000 0.08088
0 .15438 0 .32917 0.050CO 0.18128
-n. 31727 0. 21014 0- -0.23894
-0.13193 0.21014 0. -0.02492
0 .05342 0.21014 0. 0.08209
-0.26597 0 .25944 0. -0.18964
-0.08537 0 .25944 0. 0.01890
0.09524 0 . 2 5 9 4 4 0. 0.12317
-0.21466 n. 30875 0. -0.14033
-0.03880 0.30875 0. 0.06273
0.13706 0 .30875 0. 0.16426
0 . 1 2 8 4 2 0.18972 0.05000 0.28135
0 . 4 3 4 2 9 0.18972 0 .050CO 0.49764
0.14477 0.21014 0.100CO 0.29611
0 . 4 4 7 4 4 0.21014 0.100CO 0.51012
0 .18425 0 .25944 0.100CO 0.33171
0.47918 0 . 2 5 9 4 4 0.100CO 0 .54026
0 .22374 0 .30875 0.100CO 0 .36732
0.51C91 0 .30875 0 .100CO 0 .57039
0.24009 0 .32917 0 .050GO 0.38207
n.«5?4n<S n.12917 O.OSntn 0. 5 8 2 8 7
0.14477 0.21014 0. 0.29611
0 . 4 4 7 4 4 0.21014 0. 0.51012
0.18425 0 . 2 5 9 4 4 0. 0.33171
0.47S1R 0 . 2 5 9 4 4 0. 0 .54026
0.2.2374 0 .30875 0. 0 .36732
0.51C91 0 .30875 0. 0.57039
C L I I ^ C M n - r O E L T A / M A X P
i.?nnnn -n.n?son n. 10000 20
NUMBsS IZE
; s n. 4 noon
' INDUCED D R A G C O E F F I C I E N T * COII=
L I F T C O E F F I C I E N T , CLII=
P I T C H I N G M O M E N T CO E F F 1C I EN T ,CMI 1 =
THE TUIIST D I S T R I B U T I O N IN THE S P A N W I S E 0
Y L E C 1 )a 0 . 0 4 > 4 3 A L P A O ( 1 )=
. Y L P < ?)* n .14??9 A L P A O ( 2) =
J Y L E < 3)* 0.21014 •• A L P A O C 3> =
' Y L P f 45= : D . 7 S 9 4 4 A L P A O C 4 ) =
Y L E < 5>* 0.30875 A L P A O ( 5 )=
' Y L P ( A)* 0.37411 ALPAO( 6) =
S Y L E < 7 ) = 0 .49688 A L P A O < 7 ) =
Y t F < R Va D . A A 4 S R A l P A f K 8) =
Y L E < 9 ) * 0 .83229 A L P A O < 9 )=
Y L E ( 1 Q ) = Q^o^Q* < \L p Af )Mr } =
C A M B E R O R D I N A T E S IN THE JET ON C A S E
0 O C 5 6 4 0 . 0 ^ 0 2 4 Q.f)7P«;n o .O^^ i 1 ?
0.0073C 0 . 0 4 4 7 5 0.06478 0 .04747
0 00892 0 05M 3 0 07 107 0 ,04421
O.OC921 0 .05636 0 .07428 0 .04682
0 00918 0 C ^ A 7 7 n n?A in n P4947
0.00906 0 .05678 0.07718 0.05068
0^0086? 0 « C : ^ 5 7 1 0,07?4«; n 0 o < 5n8^
0 .00745 0.04990 0.07499 0 0 C 5 4 4 1
0»00591 0 O A 1 6 4 Q*QA J J n8 r t ^ o ^ L Q Q
0.00416 0.03136 0 .05^46 0 = 0 5 1 7 4
0 .25944 0.1000D












































n ^ n s ? ^ ?
O n n?«;A« n.nn?«i
0.01730 0.00190
O.m ^ ^1 n0om ig
0.01456 0.00127
nTm 61 ? nmnm 4^
0.01660 0.00145 156


















































































0 . 8 5 3 5 5
0.98296
0.01 704
0 . 1 4 6 4 5
0 .37059
n T 6 2 9 4 1
0 . 8 5 3 5 5
n , 9 R 2 9 A
0.01 7C4




n T 9 R 2 9 6
0.01 704








G a A ? ° 4 1
0 . 8 5 3 5 5
0 98296
0.01704
C a l 4 6 4 5
0.37059
n,<oo&i
x x x x x x x x x x x
ALPHA =
X X X X X X X X X X X
YV
0 .04743
D - 0 4 7 4 3
0 .04743
O . C 4 7 4 3
O . C 4 7 4 3














































n r a P ^ ? 2 9
x x x x x x x x x
0.



















































0 0 7 4 7 ^ ?
0.81743
0. 56839
X X X X X X X X X X X X X X X X X
D E G R E E S















































D . S S 9 7 7
0.17927










































0 .14645 0 .55506
0.37059 0.95
0.62941 0.95

























































RAG C O E F F I C I ENT *






























































































































































































































































































1 LIFT C O E F F I C I E N T /
S P I T C H I N G MOMENT COE
I D E L T A = 0.100
CLII= 1.00968
F F I C I E N T / C M I I s 0-00975
1 T H I T E R A T I O N O F 3 T H I N T E R M E D I A T E C Y C L H 5
INDUCED D R A G C O E F F I C I E N T / CDI 1 =
LIFT C O E F F I C I E N T , CLII =
0 .05924
1.07310
P I T C H I N G MOMENT C O E F F 1C I ENT,CMI 1 =
-0.01850
• DELTA= 0.400 2TH I T E R A T I O N
INDUCED B R A T , C O E F F I C I E N T . CDIIs
LIFT C O E F F I C I E N T / CLII =
I P I T C H I N G MOMENT C OE F F I C I EN T /CMI 1 =
O F 3 T H I N T E R M E D I A T E
0. 051 6 7
1.07311
-0.01850
C Y C L E S
DELTA 0.10Q 1TH ITERATION OF 4TH INTERMEDIATE CYCLES
INDUCED D R A G C O E F F I C I E N T /
L IFT C O E F F I C I E N T /
P I T C H I N G MOMENT C O E F F I C I E N T
D E L T A = 0 *400 2 T H
I N D U C E D D R A G C O E F F I C I E N T /
L IFT C O E F F I C I E N T /















DELTA* 0.100 1TH ITERAT ION OF 5TH I N T E R M E D I A T E C Y C L E S -
I N D U C E D D R A G C O E F F I C I E N T / CDII=
I TFT C O E F F I C I E N T , CLIIa
0.07251
1.19998
PITCHING MOMENT COE F F 1C I E N T / C M I -0.07500
D E L T A = 0 .400 2 T H
I N D U C E D D R A G C O E F F I C I E N T /
I T E R A T I O N O F 5 T H I N T E R M E D I A T E C Y C L E S
CPUs 0.06263
LIFT C O E F F I C I E N T / CLII=




I N D U C E D D R A G C O E F F I C I E N T / CDII=
11 FT C O E F F I C I E N T * CLII =
P ITCHING MOMENT C OE F F 1C I EN T /CMI I =
T H E R O O T M E A N S Q U A R E O F C A M E E R O R D
THE 2TH I T E R A T I O N IN THE F INAL
INDUCED D R A G C O E F F I C I E N T / CDIIs
LIFT C O E F F I C I E N T , CLII =
P I T C H I N G MOMENT COE F F 1C I ENT /CMI 1 =
THF R O O T NFA.N S Q U A R E CF C A M E F R ORD
THF 3TH I T E R A T I O N IN THE F INAL
INDUCED D R A G C O E F F I C I E N T / CDI I =
1 TFT C O E F F I C I E N T , CLIIs
PITCHING MOMENT C OE F F 1C I EN T /CMI J«
THE R O O T M E A N S Q U A R E OF C A M p g R n R p
T H F ^ T H I T P R A T T O N T N T H F F I M A I
I N D U C E D D R A G C O E F F I C I E N T / CDI I=
L I F T c n p F F i c i E N T / CLII=
P I T C H I N G MOMENT C OE F F 1C I EN T /CMI 1 =
THE pnnr M P A M C Q I J A R P f i e C A M P F R o»r>
THE STH I T E R A T I O N IN THF F I N A L
INDUCED D R A G C O E F F I C I E N T / CDII=




I N A T E S = 0 .00075




I N A T E S = 0.00068




T N A T F . ^ S n n n n A ?




T NAT P <;= n onn S7
159
C Y C t F , RFI TAs 0,400
0 0 0 2 9 2 8
1 ?nnnn
PITCHING MOMENT C O E F F I C I E N T , CMII= -0.
IJHE R O O T MEAN S Q U A R E OF C A M B E R O R D I N A T E S =
THE 6TH I T E R A T I O N IN THE FINAL C Y C L E , DE
. INDUCED DRAG COEFFIC IENT, CDII= 0.
.LIFT C O E F F I C I E N T , CLII= 1.
'P ITCHING MOMENT COE F F 1C I ENT ,CMI 1= -0.
T H E R O O T MEAN S Q U A R E O F C A M B E R O R D I N A T E S =
THE 7TH I T E R A T I O N IN THE FINAL C Y C L E , DE
INDUCED D R A G C O E F F I C I E N T , CDII= 0.
LIFT C O E F F I C I E N T , CLII- 1.
PITCHING MOMENT C O E F F I C I E N T , CMII= -0.
T H E R O O T MEAN S Q U A R E O F C A M B E R O R D I N A T E S =
THE 8TH I T E R A T I O N IN THE FINAL C Y C L E * DE
INDUCED D R A G C O E F F I C I E N T , CDII= 0.
L IFT C O E F F I C I E N T , CLII= 1.
P I T C H I N G MOMENT COE F F 1C IENT ,CMI 1= -0.
THE R O O T MEAN S Q U A R E OF C A M B E R O R D I N A T E S =
THE 9TH I T E R A T I O N IN THE FINAL C Y C L E / DE
INDUCED DRAG COEFFICIENT, CDII= 0.
LIFT C O E F F I C I E N T , CLII= 1.
P ITCHING M O K E N T C OE F F 1C I ENT ,CMI 1= -0.
THE T W I S T D I S T R I B U T I O N IN THE SPANWISE DIR
Y L E C 1 )= 0.04743 A L P A O C 1 )=
Y L E C 2 ) = 0 .14229 A L P A O C 2 ) =
Y L E C 3> = 0.21014 A L P A O C 3 )=
Y L E C 4)= ' • 0 .25944 A L P A O C 4) =
Y L E C 5> = 0.30875 A L P A O C 5 )=
Y L E C 6 ) = 0 .37411 A L P A O C 6 ) =
Y L E C 7 ) = 0 .49688 A L P A O C 7 ) =
Y L E C 8 ) - 0 .66458 A L P A O C 8 )=
Y L E C 9 ) = 0.83229 A L P A O C 9 ) =
Y L E C 1 0 ) = 0 .955C6 A L P A O C 1 0 ) =
C A M B E R O R D I N A T E S IN THE JET ON C A S E
0.00770 0 . 0 5 0 9 5 0 .08393 0.06981
0.01452 0.09007 0.12577 0 .08447
0.00134 0 .02399 0.06G68 0.07131
0.00597 0,0538<J 0.07719 0.04690
0.00105 G. 02396 0.04997 0.05066
0.01422 G. 08461 0.11489 0.08181
0.01141 0 .07264 0.10550 0.08672
0.01090 0.07187 0.11509 0.09656
0.00882 0.06103 0.10401 0.09259
0.00572 C. 04239 0.07835 0 .07599






















































































































0 . 8 5 3 5 5
0 .98296
0.01 704
0 . 1 4 6 4 5
0.37059
0.62941
0 . 3 5 3 5 5
0 .98296
0.01704
G. 1 4 6 4 5
0 .37059
H . A 2 9 4 1
0 . 8 5 3 5 5
D - 9 8 2 9 6
0 .017G4
0 . 1 4 6 4 5
0 .37059
H , A ? Q 4 1




0.1 4 * 4 5
0 .37G59
o.<s294 i
0 . 8 5 3 5 5
0 Q« ?OA
0.01704






0*1 4 6 4 5
0 .37059
C 0 6 2 9 4 1
x x x x x x x x x x
ALPHA =
X X X X X X X X X X
Y V
O . C 4 7 4 3
0 .04743
0.04743
0 - C 4 7 4 3
0 .04743













0 . 2 5 9 4 4
0 . 2 5 9 4 4
0 ,25944


























Q ^64 ^ 8
0 .83229
O a ^ ^2?9
0 0 8 3 2 2 9
n, JJ*??Q
X X X X X X X X X X
0.











































n 1 «» 149
0 . 6 7 5 5 6
1 _ 2 9 9 ^ A
1 .40971
1 T n 9 S 9 7
0.57263





X X X X X X X X X X X X X X X X X
D E G R E E S















































0 T 5 S 9 7 7
0.17927
0 0 1 7 1 6
0.27428 161
n. 701 1 7
0 0 7 9 5 3 5












































































































A N D A L
0.94091 0 .77565 0,
1.C9119 0.73811 0.
2 . 7 4 8 4 5 0 .88267 0.
2 . 7 4 7 4 1 0.90059 0.
2 .64799 0.22817 0.
1.08114 0.04516 0.
1 .02899 -0 .29282 0.
1.03835 -0 .75872 0.
0.91279 -1 .071 54 0.
0.57151 -0.85388 0.
F F S P A N L O A D I N G
F F I C I E N T = 1 .20000
0 D 9 A G C O E F F I C IENT =
D R A G P A R A M E T E R = 0.00
NG M O M E N T C O E F F I C I E N T =














A N D A D R A G C O E F F I C I E N T , CDR = -
A N D A MOMENT C OE FF I C I ENT * CMR =
F T C O E
D U C E D
T C H I N G





























































































F F I C I E N T FOR THE WING ALONE «
D R A G C O E F F I C I E N T F O R T H E W I N G
M O W E N T C O E F F I C I E N T F O R




ALONE = 0 .01552
NG ALONE = -0
ONE = 0 .04659
.04943
162
